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DESCRIPTION 



TECHNICAL FIELD 

'°°°iL present Invention relate, to a D«A array for 
analy'inra ONA modification (particularly DNA methylat.on, , 
a lit.od of producing the um array, and a method of 

nX^in, a O.A modification (particularly -^0 " ' 
PurtLr, the present invention relates to a method of 
purifying or obtaining a DNA fragment. 

BACKGROUND ART 

'"""oinetic information of organisms is integrated into 
ONAs. in higher animals, nucleotide sequences ^ 
aenetic information) are- the same among almost all '^W^^ ° 
fells Which form tissues. However, a phenotype of each cell 
is termined by regulating an expression of eac gene and 
methylation in genomic D.A plays an 'J^^ 
O.AS in an ovum and a sperm are reset immediately after 
fertilization, and reprogramming is carrred out. In an 
tertiiizauiu , ^ state of methylation 

individual, after the generation, the state °^ ^ 
in D«As varies slightly with cell divisions, and a 
relationship between methylation and senescence rs noted 

Zr an individual, such as a -suppression of a gene t^o be 
expressed or an expression of a gene to ^^J^T^s is 
sometimes occur. Such an abnormal methylat.on of 
also Observed in cancer cells. In particular an 
inactivation of tumor suppressor genes caused by ^ 
Ty^ermethylation in CpG islands is frequently observed. 

'°'Z above, methylation in O.A chains is an important 
,„dex for various diseases including -"--■ J";;';;;; 
since methylation is involved in the regulation of gene 
Since meu y an -index for evaluating, for 

expression, methylation may be an index tor 
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example, an extent of cell differentiation. --^^^^^^^^ 
clrcLtances, various methods for measuring methylatron 

have been examined. _p 
%ro„ another viewpoint, for example, "-""-^ -/J^;/ 
is .neasured in medical facilities, a rap.d and accurate 
analysis is desired. However, conventional methods 
described below are not sufficient from the above 
viewpoints . 

Known methods of analyzing DNA methylation, 
particularly, a method of analyzing 5-methylcytosxne, there 
may be mentioned, for example, i nto bases 

(1) a method in which a DNA sample is decomposed -^o bases 
with an enzyme, and the resulting bases are analyzed by 
chromatography or an ELISA method, 

(2, a method in which cytosine bases contarned xn a DNA 
aiple are converted to uracil with an appropriate agent 
such as bisulfite, and a PCR is carried out using a PCR 
Trimer specifically hybridizing with a ■»-'>Vlated DNA or a 
PCR primer specifically hybridizing with a — 
,3, a method of directly sequencing a DNA sequence of the 
DNA previously treated with bisulfite, in a manner sxmxlar 
to that of the above method of (2) , or 
Ml a bisulfite-PCR-SSCP (single strand conformational 

yL :rsm, method ,non-patent reference 1,. Xn the above 
Lthod (2,, the presence or absence of -^^^^-^^^^^^^ 
region to be hybridized with each primer may be judged 
the basis of an appearance of each PCR product. 

'°°°TLse Known methods can be used in analyzing methylation 
of a specific cytosine base, or plural cytosine bases in 
specific region, but cannot be used for a comprehensive 
analysis of methylation of genomic DNA. 

'°°°pitent reference 1 discloses a DNA array capable of 
comprehensively analyzing sites to be methylated in genomic 
DNA Hereinafter, the site to be methylated is referred to 
as a methylation site, and the site which - ^^^^^^ 
methylated is referred to as a methylated site. The term 
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DNA array" as used herein includes, for example, a DNA 
icroarray, a DNA chip, or a biochxp. 



mi 
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ILnt reference 1 discloses a array in which piural 

methylation-msensitive restri restriction enzyme 

^3x>, in 

:rc:;ni:7o Si:: -! are in.epenaen.iv i^oMIize. on 

rlubstrate and a method of detecting methylatxon .n 
a substrate, a -methylatlon- 
methvlated sites using the same. 

rnsensltiva restriction enzyme" as used herein means a 

re tr ction enzyme capable of digesting a ^^^^^^ 

regardless of the presence or absence of methylatron rn 

e'cognition site. The -™ --''.^^-^""-^^"r.^rction 
restriction enzyme" as used herein -"-////^/^^f 
enzyme in which the digestion activity is affected by 
Trlsence or absence of methylation in the recognition site. 

'°°°tL detection method disclosed in patent reference 1 
comprises the a methylation- 

llL^rrstrcrn TnU .uch as smal, which generates 
ab unt end and cannot digest a recognition seguence „nen 
methylated cytosine is contained in the recognition 
sequence) genomic DNR of the above step 

[[] :r: ::Ciari:n-insLsitive restriction enzyme 
capable of digesting the same recognition site but 

ererating a 'different cleavage end (such as Xmal, which 
generates a cohesive end having a 5' overhang), 
r3 specifically amplifying only ON. ™^ 
llLvage ends generated by the methylation-msensitive 

r^<.triction enzyme at both ends, and 

U detecting the amplified ONA fragments using the DNA 

! AS the method of specifically amplifying only the 
array. As the met fragments having cleavage 

specific DNA fragments (i.e., DNfl rray 
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bv the methylatipn-insensitive restriction 
ends generated by the meT:ny .-.s a method in 

PCR method is carried out using a primer havxng a partial 
nucleotide sequence of the adaptor is dxsclosed. 

. ^v,oH rfisclosed in patent reference 1, 

in the detection method disciosea xi f 

• nK.A is diaested with a methylation-sensxtive 
since genomic DNA is digestea , diaested when 

r-far-oanition cannot De a±^<^^^^^ 
r-*:.=;-t-riction enzyme (the recognii.xv-'ii 

ZllZ^e. cy.osi„e i. containad in ^ ^ ^ JstriCion 

sequence, ^ollowea .V a Z^.^^.^on- 

r-f^r-nanition site aigej3i.c<-i 
enzyme, the recognm contains methylated 

insensitive restriction enzyme always 

cvtoslne Both ends of DNA fragments amplified m the step 
('rrre derived from the recognition site contaxnrng 
(3) are der methylated methylation site 

methylated cytosine, i.e., metny interDOSed between 

(methylated site) , and only DNA fragments interposed 

methylated sites are detected. 

above in the detection method disclosed in patent 
. ce 1 only DNA fragments in which both methylation 
:rt:r b ih ends are methylated can be detected but DNA 

Tra Lts in which either "-^Vl--"^/!"^ . a 
cannot be detected, and thus, there is a possibi J 
Slight change of methylation in a ^"^^ b°f °J that 
Por example, it is frequently observed - ^^^^ f^^^ 

- rtryLrersucha" r-^rri^^Xiation m . 

Z .^^.^^^ -l^^l;: —agr^Tart'be 

reference 1. 

the detection method disclosed in patent reference 1, 
Since the two-step digestion with restriction enzymes is 

. 1 the digestion takes time. Although it is 
essentia , ^ desalting treatment after the 

preferable - -J/^f „ efficiency in the adaptor- 

ts dLreased when . salt concentration i 
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H hot the procedure of desalting is complicated. In PGR 
high, but the procea fragments to 

,e amplified vary - preference to longer 

(.agents are generally ^^^f ,„p,,,, all ON. 
DNA fragments, and thus, it is aixi-x 
fragments at the same efficiency. 

^^^^^'^ , in natent reference 1, plural 

In the DNA array disclosed in pateni: 

- .ra^en.. (or c.^^^^^^^^^ 

X.al, are independently i^o.ilized <>" ^ -^Z;-- ^^^^ 
However, each Dm fragment or olrgonucleotrde probe 
have a special feature. 

[0013] , ninr-hemical and 

(non-patent reference 1) M.MaeRawa ^^/^^ /^^f/"",,,,, 
Biophysical Research Cor.»unications, Netherlands, 

62, p. 671-67 6 3^ unexamined Patent Publication 

(patent reference 1) Japanese 
NO. 2003-38183 (JP 2003-38183 Al) 

DISCLOSURE OF INVENTION 

PROBLEMS TO BE SOLVED BV THE INVENTION 

Object of the present invention is to remedy the 
abovlmenlioned disadvantage o - 

provide a DNA array for analyzing a 

enables an exhaustive ^^-^ or rrucirg the ON. 

:ray^rd"a'mrtror:f TnllyLng DN. methylatlon. The 
Trese- invention may be used in analyzing various 

Ldifications in bases ^^'^'^'^''^^ 

preferably in analyzing methylatron of cytosxne. 

'""nire particularly,, an object of the present .nvent.on is 

irie an DNA array and a method of analyzing DNA 
retryirtr^^lh ena^e a detection of not oni a 

..agment ^ --rrrsra^r^a^r i" only 
::ror:hr:rth lat'iorsites at both ends is methylated or a 
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OHA fragment in which no ^ethylation sites ^^J'°lll'^2Z. 
Lthylated, without complicated procedures. Another object 
is to provide a .nethod of producing a DNA array, wh.ch 

T^l a classifying of nucleic acids to be arranged on an 
enables a classityi y ^.uma into consideration a 

array into appropriate groups by taking into 

object xs y r-h *=nable an 



and a n,ethod of producing a DNA array, which enable an 

:.aiy.ing of a -^^^^^:::rxr:zx:i s... 
:r rp^rru:trcr::::ie-s:rand^^^^^^^^^^^ .or.ed by 

binding a nucleic acid to a double-stranded DNA) . 
MEANS FOR SOLVING THE PROBLEMS 

'°°"L above Objects can be solved, according to the 

^•^r, V.W a method of producing a DNA array, 
present invention, by a metnou ^ i- 

^v,^r;5rterized by comprising the steps of: 
1 preparing a n>ixture of DNA fragments in which a modified 

^ase (particularly methylated ^^^^^Z:^^^,^^... to 
(particularly cytosine) is exposed (hereinafter 

as preparation step) , j^agments obtained in the 

(2) bringing the mixture of DNA fragmen 
step (1) into contact with an antibody specific to the 

H f -ed base (particularly methylated cytosine) or the base 
Tprticular:: rtosme,, and separating the mixture into a 
group consisting of DNA fragments which form an 
Lunocomplex with the antibody '^^-^^-^-^J/Z-Z^f^ 
complex-forming DNA fragment group, -"\^"°l'^^\Yl l^e 
=<,tina of DNA fragments which do not react with the 

d hereinafter'referred to as unreacted 0«A fragment 
antiDouy „f DNA fragments showing a 

group), or a group consisting of DNA g 
high affinity for the antibody (hereinafter referred 
Ti'gh affinity DNA fragment group) and 
consisting of DNA fragments showing a low -"^^J 
antibody (hereinafter referred to as low ^l^^^^^^^'^^^^^^^^ 
fragment group) (hereinafter referred to as Y 

■ =11 r,r oart of DNA fragments contained in 
Z:T::rZ ZZrZo^^ .....n..... referred to as 
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identification step), and 

,4) arranging one or more nucleic acrds capable of 
hybridizing with any one of the identified DNA fragments on 
/substrate (hereinafter referred to as arrangement step,.. 

'""Lording to a preferred embodiment of J^^^^ 
present invention, the "mixture of DNA ^^^--^^ ^ "'^^^^ 
modified base or a base is exposed" prepared xn the 

'irrirxrurrif Z figments in -hich a modified base 
: r irularly methylated cytosine, or a base 'P----^ 
fytosine, is exposed at a cohesive /^J^^^^^^ 
digesting genomic DNA with a -restriction enzyme which can 
digest a dL regardless of the presence or absence of a 
: ification .particularly methylation, in a ----^^ 
3ite to generate a cohesive end containing a ^^llZ^lly 
(narticularly methylated cytosine) or a base (particularly 
fytrsinel" thereinafter referred to as on. fragment mixture 

mixture of single-stranded DN. ^-g^ents or partially 
ingle-stranded ONA fragments in which ^ "/^^f^^^^^,^ 
(particularly methylated cytosine, or a base (particular y 
cytosine, is exposed in the single-stranded region, obtained 

referred to as DNA fragment mixture ) , or 
,.1 a mixture of DNA fragments having a single-stranded 
e ion in Which a modified base (particularly methylated 
cytosine, or a base (particularly cytosine, iS expo d 
Ihereinafter referred to as DNA fragment mixture (c, 1 . 

^h,.,. ^referred embodiment of the method 
According to another preferrea e fraaments 
of the present invention, when the "mixture of DNA fragments 

h ch a modified base or a base is exposed" prepared rn 
the preparation step (1, is the ONA fragment ■"-^"^ ' 
the genomic DNA is pretreated with a nuclease capable of 
digesting a single-stranded DNA, before digesting the 
genomic DNA with the restriction enzyme. , . .v,^ 

' Lording to still another preferred embodiment of the 
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„,ethod of the present invention, when the "mixture of DNA 
r.alents in which a modified base or a base is exposed^ 
rl in the preparation step (1) is the DNA fragment 
prepared in the prep traamented genomic DMAs 

fixture (b), the genomic DNA or the fragmented g 

.Itreated with a nuclease capable of digesting a 
ri^re-stranred 0«A. before rendering the fragmented genomic 
DNAs fully or partially single-stranded. 

'°°"Lording to still another preferred embodiment of the 
.etht: of th! present ^^^^^^^ J^;^:^ 
..agments is brought into 7;-;^ - :;rntrg::-antibody 
antibody-contact step (2), at leasx. ui ^ 
TeLtion is performed under -conditions in w ic a 
lent binding . diss^^^^^^^^^^^^ 

maxntained to sepas-av, =r.i--ihodv bv a 

n,f hindinq to the antiooay uy 
of 0«A fragments capable J^^^^^^ ,,3gment3 

divalent binding (as the group ^^.^ody) and another 

which form an ir^unocomplex with the 

,.oup consisting of O.A fragments ^ f^^/f/^ 

antibody by a monovalent binding (as the group 

OHA fragments which do not react with the antibody, . 

'°°Zr example, the DNA fragment mixture obtained in the 
p.ep ration ^tep, each 0«A fragment -ing cohesive end at 
both ends, may be brought into contact with a" -t^b°dy 
3pecific to methylated cytosine (or an ^ f ^ /^^^^^^^ 

-^T"' roTep::r:^::"rmi^^^^^^^^ frUt group, 
—■tre r fragments ^-::::;:rr:zL:z:::^^s 

unreacted DNA fragment group, and then, the 
„ay be allowed to stand under is 
monovalent binding is dissociated and -^"^^^"^^ ^ 
maintained in an ^ tigen antibo y ea ion ,^to^s^P^^ 
group cons sting o O A ragm^en^^^^ in both of the cohesive 
Tdrra! cClex-forming ONA fragment group, and anothe 

roup consisting of ONA fragments in which -thy ated 
cytosine (or cytosine, is contained in only one of the 
cohesive ends (as the unreacted DNA fragment group, . 
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'"""icordin, to still another preferred ^'^f^^^^^i;;^ 
u ^ f fh« present invention, when the mixture of DNA 

rr^t into contact with -e--- 

^ /o\ "ai- ^f^ast one antigen-anrioouy 
antibody-contact step (2), at least on 

reaction is performed under -conditions xn which a group 

sistin. Of fragments showing a high J ^e 

separated from another group consisting of DNft fragments 
. low affimty, on the basis Of the - ^r;^. 
between a monovalent binding and a divalent binding 
separate the mixture into a group consisting of DNA 
fragments capable of binding to the antibody by a divalent 
i Tua (as the group consisting of DNA fragments showing a 
TiX flnityraL aLther group consisting of DNA fragments 
capable of binding to the antibody by a monovalent binding 
(as tL group consisting of DNA fragments showing a low 
affinity) • 

■ ^^^n relates to a DNA array obtainable 
The present invention relates 

by the above method of the present invention 

T-he present invention relates to a group of DNA 
fragments, characterized by comprising only any one of 

'a DNA fragment having cohesive ends -taming a 
modified base (particularly methylated ^y"""^' J^^^^^^/^ 
Particularly cytosine) at both ends, wherein a modified 
Tse (particularly methylated cytosine, is contained in both 

of the cohesive ends, . • ^ ^ 

,2) a DNA fragment having cohesive ends containing a 

lodified base (particularly methylated =^-^-;> ^-^^^^//^ 
(oarticularly cytosine) at both ends, wherein a modified 

bfse (Partiilarly methylated cytosine, is contained in only 

one of the cohesive ends, or . . „ ^ 

°3, a DNA fragment having cohesive ends containing a 

modified base (particularly methylated cytosine, is 
contained in both of the cohesive ends. 

The present invention relates to a DNA array 
Characterized in that one or more nucleic acids capable of 
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H^h all or part of DNA fragments contained in 
hybridizing with all or paiu 

the above group of DNA fragments are arranged on a 

substrate. 

. ^^.n relates to a method of analyzing a 
ThP oresent invention reiaiies 
.oa'car.on ^particular., -th.la.ion, in a to .e 

TgTrre'ofT/rgLrt: in^^cn-a .o^f.. 

(1) preparing a mixi-uj-«= 

LL^pLticuiariv .eth.iatea cyt^sine) °. a . se 
(particularly cytosine, - -P"-^^; ^ rp^ation step, . 
r^rrrLrnrre-r^rrrorr f::g:enL o..ainea r. ..e 

I 7l> into contact with an antibody specific to the 
,tep (1) .nto methylated cytosine) or the base 

ra:ruiry rtorme., aL separating the .l.ture into a 
,...p oons^tlng Of 0.. f^^^^^^^^^^^^ 

immunocomplex with the antiDoay antibody, or a 

of DNA fragments which do not react with 

r.oup consisting of D.A fragments showing a high affinity , 
for the antibody and another group consisting of DNA 
: gments showing a low affinity for the antibody 
1 ■ .ft.r referred to as antibody-contact step), and 
(hereinafter referre fragments contained in each 

(3) analyzing all or part of D (hereinafter 
of the DNA fragment groups with a DNA array 
referred to as analysis step) • 

^^^^"^^ . .-.n relates to a method of purifying a 

The present invention relates ro d 

aouble-stranded ONA frag-nent >'-^"J/;;;;;j;;r;„g,„ent 
characterized by bringing the ^-"^f ""f ^^^^ contained 
into contact with an antibody specxfxc to a 

in the cohesive end. 

'°°"L ter™ "cytosine" as used herein ™eans cytosine not 

4--v.^/^^/" used herein means an 
-nti-.ethylated cy-sme ant boa a -s ^ ^^^^^ 

antibody which specifically reacts wit 
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but does not specifically react with -Vtosine unless 

•f^^H The term "antibody specific to 
:rri-;.t:r;antiWr as usea .e.ein .eans 

r::ti.odv «.ic. spedflcauv reacts ^;^^;Z..ss 
does not specifically react with methylated cytos.n 

Otherwise specified. 

10027] . •^-Tiirjp"^ a monoclonal 

The term "antibody" as used here.n ^"f \^ „ 

antibody and a polyclonal antibody. The ant.body 
,.cludes not only an antibody in a narrow sen e (-..;^^ 
immunoglobulin molecule per se) , but also a 
antibody, such as Fab, Fab', F(ab').. or Fv. 

'°°'tL term "base" as used herein means a naturally- 

or chemically-synthesized base capable of formrng 
occurring or chemicarry »j (including a 

one or more hydrogen bonds with a "-^/^^^^/J^^/l^,,^ J^on 
naturally-occurring DNA and RNA, and ^ 
thereof, . As the base, there may be preferably 
t:r™^Crf -eir^^'a: us":: ::-n means a 
rdrfrd-bJr wlich may be contained in a nucleic a id^ As 
the -modification" in the "modrfred base there may 

reri-^roraC.^^^^^^^^^^^^^^^^ ^= - 

.modified base", there - -J^^^^^^^^^^ rth ^ed ;uanine, 
methylated -^ ri j! hydroxyadenine (such as 

r-r/rryadrnine, thymidine dimer, or' alkylated guanine, 

preferably methylated c^"^^^^' „^ ^,„,r ^3 a change 

Por example, oxoguanrne ^^^^^^ invention may be 

Terrn^arair.:: r:::::;.:: -tfLation of guanme or . 

rerrtion of thymidine dimer. ^ ^ oT the 

absence of alkylated guanine may be used as an 

influence of ^-^^^ --^tyXo^a^Is a modified 
^"^"";r ;s"g::rtr he^ enlc La is damaged by 

yg n,"and thus, the influence of active oxygen may 
Te Inaly-d by detecting the presence or absence of 8- 



(12) 



oxoguanine or 2-hydroxyadenine . 

'"""ireinafter, the DNA array for analyzing a DM 

modification, the method of producing the sa.e and the 

Zk h of analyzing a DNR modification according to the 
method of analyzing ^^^^^ ^^^^^^^^^ ^^^^ ^^^^^^^ , 

present .modified base are cytosine 

case in which the base ana 

:::r.rr:is;rj;:T.:r I; » ^^^^^^^ 

^e^nectively, and the present invention i 
cytosine j.^^ base are used may be earned 

r::: t:::e ifwin the art, m accordance with the 
rsclosures as described herein and technical common 
knowledge . 

EFFECTS OF THE INVENTION 

'""icording to the method of the present -mention for 
analyzing methylation, on the basis of ^ ^.^^^ 
.pots and/or negative spots ^ -^re^-.^......^ ...ic 

thereof, - -^/^^^^ ^/^^^ evaluated. Further, on 

TheTars^f pro iles of positive spots and/or negative 
tne oasxtj wj- b' maTinnancv ox a 

r-f::^! 1 (for Bxample, maiigndu'-y 
spots, the state of the cell (fo ^..^i^ity of 

cancer cell, differentiation of a cell, 
diseases) can be evaluated. 

H-nn to the production method of the present 
According to the pro ^^^^^^^ invention, which may 

nNA array of the presenu 
invention, the DNfi array i„„=ntion for analyzing 

\, tr, thp method of the present invention 
be used in the methoa Recording to the production 

methylation, can be produced ' .^.^i^ed by 

method of the present invention DNA ^.^^ ^„ 

aigesting genomic DNA from a f^/^f^ .^..^^ can 

appropriate methylation-insensitive "^^r-^^ „ethylation 
Z Classified into DN. ^^^--^/-^^^^f^'Xe'ts in which 
3ites at both ends ^d s^Xylated, and 0.. 

either methylation site at botn enas 
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£„,™ents in which both '^^^'^^,^^^l°\''^l\lZ.TL^ ONA 
methylated, -^^/J^^/J^^;, 3,^,,„.e can be produced, 
fragments are iimobUized on indention, a 

according to the 0- f/^ f/^.e. .athyiation at 

Slight Change rn -^^ylat^"^; ^^^^^ detected, 
either methylation site at both ena 

'""^Lording to the present invention, the state of 
methylation at rrtran^-^^^^^^^^^^^^ or 

:"rpre-rtra:der::r:rre .r^ed by 
rrrnrhoH ::!i::ir;rtry;arn ^ a sing.- 

only has sucii dm t-b^ obiect has 

.tranded region not been .nown but also the cb3 ■ 

never been recognized. According to ^^^^^^^^^^^^^^^ 

oresent invention and tne meun 

:::lded region Without complicated procedures, can be 
provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

^^^^^'^ . m inc=-t-rates the state of a 

Pigure 1 -^-^^^■=^"^^;'/;frirody molecule binds to a 
monovalent binding in which an antibo y 
double-stranded DNA via one -"^en-b nding s te 

— 2 --"--;^^;;^;„"rr;y mo-cul binds to a 
divalent binding xn which an antibo y 

double-stranded DNA via two -^^^--^^^^^^^^ , , 

Fiaure 3 schematically illustrates the state ot 
Figure J sc ^ antibody molecules 

divalent binding ^/^^ , ,ouble-stranded ON. via 

immobilized on a carrier omu 

one antigen-binding site ^^^^e in which 

Figure 4 schematically -ll-^^^^^^^ double-stranded 
each of two antibody molecules binds to a 

DNA via one antigen-binding site. . 
Figure 5 schematically illustrates each step 

MONIC method. ^ the 

Figure 6 schematically illustrates each step 

MONIC-Loop Trap method. 
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Fiaure 7 shows the result of electrophoresis o£ DNA 
.raXents containea In the absorption fraction o.taine. fro. 
a DNA fragment mixture by the MONIC method. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[Torn array and method of producing the same according to 

re":r:: present, invention for producing the 
DNA array comprises the preparation step, the ant.body- 
contact step, the identification step, and the arrangement 

^'""^on the basis of differences in specificities of 

on the bas.s o .<,,„tact step, the method of 

tfeTrrsr- e - fof^rod^cing the DNA array includes a 

rth:r;ereinafter referred to ^ 

production method) of producrng a DNA array (^e 

referred to as methylated cytosine-type array) which 

Zl in analy.lng DNA fragments - -^-^^/r^raf ter 

IdNA array (hereinafter referred to as cytosine-type array, 
Which can be used in analyzing DNA fragments rn whrch at 
least one cytosine is exposed-. 

Further, the method of the present --"^""Z" 

producing the DNA array includes, ^I'^'^Xl^LfZl 
4- n,w-hnrP<? used, an embodiment [hereinatter 
:::e :rto arrdified nu;ieotide immunocapturlng method 
Tm^N^C method), using the above-mentioned DNA ragment 

mixture (a) or the j^:-.::: 

using the above-mentioned DNA fragment mixture (c) . 

the methylated cytosine-type production method, 

J ^-p -t-Hf= nresent invention, 
included in the production method of prese 
at least an anti-methylated cytosine antibody (i.e., an 
at least an .^.^^..^ reacts with methylated cytosine, 

antibody which specifically reacts wiu y . 

antiDoay react with cytosine) is used as 

but does not specifically react wii-n y . 
the antibody used in the antibody-contact step. 
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in the cytosine-type production method, included in the 
^ r.i' rhf> oresent invention, at least an 
rnrryro^ireTntiir;"- , .n anti.ody „hich specifically 
relets with cytosine, but does not specifically react wxth 
Tethylated cyLsine, is used as the antibody used .n the 

^""xrtr:::ne:t:on; the anti-.ethylated cytosine ' 
antibody and anti-cytosine antibody may be used as a 
combination thereof in the methylated cytosine-type or 

r^wtosine-tvpe production method. 

the cytosine-type DNA array will be explarned. 

Tirnithylated cytosine-type production method and 

Methylated cytosine-type DNA array .^tosine-type 
in the preparation step of the methylatea y 

production method of the present invention, an ^PP-P^ - 
La material is used to prepare a DNA '"^-f ^^^J/ 
„hich one or more methylated cytosrnes or l^- ^l ^^l 
cvtosines to be methylated are exposed rn each DNfl g 

' "he DNA material used in the preparation step .s not 
particularly limited, so Ion, as it may be analyzed by the 
particuidj-iy r^r-f^espnt invention, 

method of analyzing methylatron of the P^^^"*^ " 
that is, it is a DHA which may contain one or more 
methylated cytosines or one ^'l^^^::^:::::,^^^,, 

methylated. As ^-,;-;trrce;i (for example, an animal 
■p^r- (^vamole. qenomic DNA in a ccj-j- v 

11 or : pla'nt cell,, or a mixture of -^^ ^ -agents 

a spinal fluid, saiiva, artificial dialysis 

mucus, milk, bile, gastric juices, or an artificial 

fluid after dialysis) . 
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In genomic DNA in a cell is used, it is P-^^^^^^ 
rJl having a high methylation ratio, because DNA 
f::gme::s\o be !rrang!d on a DNA array are selected on the 
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basis of the presence or absence of methylated cytosine in 
Lthylate^ cytoslne-type production J-^/^ . 

cell having a high .nethylatlon ratio xs used, the DNA 
fragment mixture obtained in the P-P"^"°" J^^^^^..^, 
contain a high content of DNA fragments rn wh.ch at least 
one methylated cytosine is exposed. ^ 

AS the cell having a high methylation ratio, a cell 
having a methylation ratio higher than that in a normal 
cell, for example, cancer cells, a sperm, or seeds of 
Plants may be used. Only one kind of cell may be used 
alone 'or plural Kinds of cells may be used as a combination 
lllTeo,. m this connection, since a methylation ratio of a 
normal cell varies In accordance with -rious con-tion 
for example, the type of a tissue or organ, aging, 
factors a developmental stage of an Individual, 
Iffer ^tlatlon, or de-differentiation, it Is preferable to 
Te c an appropriate cell used in the preparation stage, in 
accordance with an Intended purpose of a DN^ array, 

-1 +-v.^ ■f-wr.P' of cells to be assayed, 
particularly the type oi ctixxo 

nwA of a cell is used as a DNA material in 
When genomic DNA or a cexx 
the preparation step of the methylated cytoslne-type 
pioductlon method, the mixture of ON. '-J"-";^;^^^;!^, 
methylated cytosine or cytosine to be methylated is expose 
may be prepared from the genomic DNA by, for example, 
Tal digesting the genomic DNA with a /"/^^^^^^^^ 
!hich can digest a DNA regardless of the P--^; ^^^^^/^^^ 
of methylation In a recognition site (i.e., methylation 
insensitive, to generate a cohesive end -ntaining 
methylated cytosine or cytosine to be methylated 
Thereinafter referred to as C-contalning cohesive end, , or 

b f agmenting the genomic DNA and rendering -^/-/"-f^ 
gelomic DNAs fully or partially single-stranded to prepare 
mixture of single-stranded DNA fragments or partially . 
single-stranded DNA fragments. 

'°°Z.n the methylatlon-msensitlve -^"^^^^ ^^^^^^^ 
capable of generating a C-containing cohesive end - " 
capable ° J be fragmented with 

the preparation step, >-ii<= y 
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the restriction enzyme to generate cohesive ends and, 
siLitaneously, methylated cytosine or cytosine to .e 
methylated can be exposed at the cohesive ends, 
since the C (cytosine) in a 5'-CG-3' sequence 
since J oreferable to use a 

methylated in higher animals, it is prefe 3,3tes a 

methylation-insensitive restriction -^^^^J^^* 
cohesive end containing the CG sequence (hereinafter 
referred to as CG-containing cohesive end) . As such a 

f„,- Bvamole. restriction enzymes listed 
restriction enzyme, for example, , . -r" 

: Table 1 may be used. In Table 1, the underl-ed C 
„eans cytosine to be methylated, ^^d bvC symbor Y" or 
eleava.e site ^ -^TprssTbirt; that the C 

"N" not underlined is C, there is y ooaWI 

1^ a r-fscit riction enzyme Bsawi 
mav be methylated. For example, a restric^io 
may be metny recognition sequence 

cleaves between "W" and C ot a re y c,-CCGG-3' 
^^WCCGGW" to generate a 5' -cohesive end of a 5 CCGG 3 
sequence. Further, a restriction enzyme Mspl ^ 
I ; ..n ^^C" and -C" of a recognition sequence CCGG to 
between C and ^ 5. _CG-3' sequence. In this 

4-^ c,' -rohesive end or a o -> ^ 

Tore ton, it is not necessary that the whole of the CG 

sequence is exposed in a ^^'^ 
cohesive end, so long as at least one <=Vt°-ne t 
methylated contained in the CG sequence is located 

single-Stranded region. 

[0040] 
Table 1 

Restriction Recognition sequence sy^^bol 
enzyme and_cleavage_site 



BsaWI 
BsoBI 
BssSI 
Mspl 
TaqI 
Xmal 
BsaJI 
PspAI 
[00411 



W : CCGGW 
C : YCGRG 
C:TCGTG 
C:CGG 
T:CGA 
C : CCGGG 
C : CNNGG 
: CCGGG 



W = 
Y = 



A or T 
C or T, 



R = A or G 



N = arbitrary base 



. V a cs'-CNG-3' sequence is 
Since the C (cytosine) m a 5 c.n^ 
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CNG-containing cohesive end). As sucn a r 

restriction enzymes listed in Table 2 may be 
for example, restricuxwn j 4.^0-; r,c. i-o be 

H Tn Table 2, the underlined ^C" means cytosme to be 
\ in Table 2 ^ ^^^^^^^^ ^^^^ 

methylated, and the symbol underlined 
a base represented by the symbol Y or n no 
is C there is a p6ssibility that the C may be methy ated 
as C, there P necessary that the whole of. 

in this connection, xs 3i,gie-stranded region of a 

the CNG sequence be exposed m a single 

single-stranded region. 



[0042] 
Table 2 



Restriction Recognition sequence symbol 
.nzvme .nH cleavage site 



.enzyme - n rrrGW or T 

^iiwi W:CCGGW 
Mspl C:CGG 

r-icRG y = C or T, R = A or G 
IZfl ciciNGG N = arbitrary base 
PspM CiCCGGG_ 

'°°"Ln the DNA f.a,.ent mixture is prepared usin, the 

^ethvlation-insensitive --f--;;;;-^:^: e„zy.e 

^•^r. ^ r-rontaining cohesive end, a restixL. 
ZlZnelllnl a cohesive en. with .ethylateC c.tosine Uor 
not generating ci n^neratinq a C-contaming 

1^ =, rf^striction enzyme not generai^iny 
example, a restrict y capable of 

cohesive end (for example, a restricti y 

= Hinnt end or a resection enzyme capable or 
generating a blunt end, or together 
aenerating a cohesive end without C) ] may be us 

r \h if desired. When the restriction enzyme not 
^ ati'; a coresive end with methylated cytosine is used 
To:: t r t-^with, an additional end newly generated ..th 

- - ^ ^^-^rdVui %::r rt^rfirrLiysis 

methylated cytosine, and thus, does n 

o£ methylation in a C-containing cohesive end. 



[0044] 
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When the mixture of single-stranded DNA ^^^i"-" 
. .llv single-stranded DNA fragments is prepared from 

c ONrm the preparation step, an order of the step of 
genomic DNA m tne p P rendering genomic 

fragmenting genomic DNA and "^he step 

slngle-stranded Is ,.,h steps 

step may be carried out prior to the other, 
may be performed simultaneously. 

a method of fragmenting genomic --^J ^zyme 

mentioned, for example, a ^^^^^^^Z: oTlZt.in, a 
(including a restriction enzyme "P^'-l^ °^ ^ generating a 

A , vi^striotion enzyme capable ot general, y 
blunt end and ^ "^^^-^ physically cleaving genomic DNA 
cohesive end), a mernoa u ^ jr . , ^ r-r;:,rii ation, 

,,o. example, ult.asonication, 1 
radiation irradiation, electron beam xrradxatxo 
method of chemically cleaving genomic DNA. 

t0046] nwA and fragmented DNAs) 

When a DNA (including ^^^.f/J,, DNA, or 

is rendered slngle-stranded, the full leng 

, rLrtlal portion thereof may be rendered single- 

ded The term -slngle-stranded" as used herein means 
stranded, ^^e term ^ ^ partial portion of 

the ST:dut; -Lii ^4-r-anHpd DNA does not 

one DNA Cham which forms - "^-J^f " ^J^^^'^'^^.^^.^tary 
hybridize with the other DNA chain (i.e^, CO p 

rr^^vo h>?)ses are exposed, tor ei^amy^^r 
Chain, and one or ^-^Z J , example, a 

-single-stranded structure 3i„gie-stranded DNA, 

structure consisting of only ."^ ^ . a structure 

a triple-stranded structure described below, and 
in which one or plural bases are exposed by a mismatch 
one or plural base pairs. 
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II a method of rendering the full-length of a DNA 
\ H.d there may be mentioned, for example, a 
single-stranded, there ^ denaturing agent, 

thermal denaturation or a treatment wi 

. v-^i=,i oortion of a DNA 

AS a method of rendering a partial portion 

H.H there may be mentioned, for example, a 
single-stranded, there may example, an 

method of providing a nucleic acid (to y referred to 

oligonucleotide or a polynucleotide; hereinafter 
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1 acid for single-stranded rendering) capable of 
as nucleic acid tor sing in a DNA to be rendered 

Chain of the double-stranded DNA is hybridized with the 

::.r:j: l .in.ie-.tranded - --tr 

— rarnTf^ r i. rend ed 

single-stranded, and as a result, a triple-stranded 

c-t-rnrture is formed. 

The nucleic acid for single-stranded rendering .ay be 

r r:.::;/rr r„r.:::.« .-""^-r 

tj,^ .p.=i<i. p."" »" " 

^ «H c-inale-stranded without • an artificial 
thereof ^ ra^dertreat^ent (such as an addition 

rucleic ac!d for sin,le-stranded rendering), because 

.or --^^l ^^:^Z:.^ tr-I a nudelc 
Structure, or a triple srraiiu „kt ^.-.^t randed 

acid (such as an RNA or a DNA) binds to a double stranded 
acid I SUCH ^.^ used as a DNA material, 

DNA When such DNA fragments are usea as 

UNA. viii^ii ar-1-ificial treatment may 

the DNA fragments without such an artxfrcial 
be used in the subsequent antibody-contact step, as the 
^I^ture of D«A fragments in which methylated cytos.ne or 
r-,,tnsine to be methylated is exposed. 

cytosine to partially having one 

When genomic DNfl is usea as o r 
or more single-stranded regions, the genomic DNA is 
fragmented with an appropriate '^-"-^^-/"^^f:;;"" 
resulting fragmented genomic DNA may be used in 
subsequent antibody-contact step. When, as the "^"^'^^^ 
TZ a restriction en.yme not generating a cohesive end 
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V, . rvtosine [for example, a restriction enzyme 

with methylated cytosme liu^- ^ ^ *=xamDle, a 

.•^^ r-containing cohesive end (for example, 

esec ion enzyme capable of genarating a cohesxve end 
reseci:xo j „^ analysis of methylation m one or 

without C) 1 IS used, an -"-^J, originally located In 

„ore single-stranded .egrons whrch are o J 
the genomic DNR before treating wrth the 

.:t affected, xf desired u,e 

^^-^-:^:^^:^.^o.. ,for example, a 
roh::r rnrrrtripL-stranded structure, in addition to 
the original single-stranded region(s). 

. . „f free DNA fragments contained in a 
When the mixture of ™^ J therefrom is used as a 

biological sample or a sample ^"^-^^ ^ raethylated 
DNA material in the preparation step of ^/^^ ^^^^^ 
.vtosine-type production method, the mixture of DNA 
fragments in which methylated cytosine or cytosine to he 

rtllated IS exposed may be P--^,:- rtrirtl n ;n:yme 
method using the methylatron-rnsensrtrve res 
capable of generating a C-containing co^.s.js en^ 
.preferably, a C=-containing cohesrve ^^^^^^^^ 
containing cohesive end), or a met fragments 

c:i-randed treatment may oe useu xn , • 

stranded ^.i^ture of DNA fragments in which 

contact step, as the mixture ^y,,n^i-^d is exposed, 

methylated cytosine or cytosine to be methylated P 

. . = „f free DNA fragments contained in a 
When the mixture of ™^ ^ therefrom is used as a 

. hiological sample or ^ ^J^J^/^/^ ^^^.^fragments contained 
DNA material, an amount of the ^^^^ ° ^ 

m the sample is sometimes ^^:^\^:,:::l,.„t of the 

following steps. In such a case, a 

.^ht-ained by performing a DNA 
DNA fragments after a mixture 

amplification - a PCR ^ 

„f free DNA fragments ^ amplification may 

ligated with an appropriate adaptor. 
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be carried out using a primer specific to the adaptor. 

'""'in the antibody-contact step of the methylated cytosine- 
type production method, the DNA fragment mixture obtained 
the preparation step is brought into contact w.th an ant.- 
uuc F^^i/ ., J . ^«r^=.r■a^-^» a oroup consxsting 

methylated cytosine antibody to separate a group 

of DNA fragments which form an immunocomplex with the 
antibody (i.e., complex-forming DNA fragment group) from a 
group consisting of OKA fragments which do not react with 
the antibody (i.e., unreacted DNA fragment group). 

anti-methylated cytosine antibody may be prepared by 
using methylated cytosine as an antigen in accordance with a 
conventional method [for example, Japanese Unexamined Patent 
publication NO. 2004-347508 (JP 2004-347508 Al) 1 . or a 
coimeroially available antibody (for example, anti-5- 
rerylcytosine monoclonal antibody, cat*01519721; Wa.o Pure 
Chemical Industries, OsaKa) may be used. For example 5- 
methylcytidine is bound to )ceyhole limpet hemocyanin to 
prepLe an immunogen, and the in^unogen is administered to a 
mouse to obtain the antibody of interest. 

'°°'tL method of bringing the DNA fragment mixture into 
contact with the anti-methylated cytosine antibody is not 
particularly limited, so long as the complex-forming DNA 
fragment group may be separated from the unreacted DNA 
fraglnt group. The complex-forming ONA fragment group may 
be separated from the unreacted DNA fragment group, for 
example, by bringing the DNA fragment mixture into contact 
with the anti-methylated cytosine antibody carried on an 
with tne an Alternatively, after the DNA fragment 

appropriate carrier. Alternatively, a 

mixture is brought into contact with the anti-methylated 
: tosine antibody, the complex-forming DNA fragment group is 
purified from the whole in accordance with a conventional 
me od to separate the complex-forming DNA fragment group 
. 7L the unreacted DNA fragment group. In the former method 

■ ^i-o r-^rrier the complex-forming DNA 
using an appropriate carrier, "cne 

cjeoarated from the unreacted DNA 
fragment group may be separateu ^^^^^-,nhv 

for f^xamole by an affinity chromatography 
fragment group, for example, uy 



(23) 



usln, the anti-methylated cytosine antibody, or an antigen- 
riU reaction .sin, the -----J-- J^r: ation or 

""''"lex forllnroNA fragment group may be purified, for 
rKlple byTslng a column or particles (such as magnetic 

exampxe, ^ ■ „ n or orotein G thereon, 

particles) carrying protein A or protei 

^ nwA fraaments in which methylated 
, '^°:%rcy: ^nrt! rmef^Xted is e>cposed prepared in 

r::: aratirLep, ... f— s 

.ytosine is exposed form an. f^^X:'//,,, ,3 the 

anti-methyxated cytosine antibody, -^J^J^^^^^^^ 

complex-forming jr^act with the 

methylated cytosrne is not exposed ^ ^ ted as the 

anti-methylated cytosine antibody, and are sepa 

unreacted DNR fragment group. 
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^Ln the fragment mixture is ^'^^^^^fJ^'oT 

^r^ roL fragments have C-containing cohesive ends at 
roth'end . When the complex-forming ^"---^ ^^^^^ 

separ ted from the unreacted ON. fragment group by contact 

V rr,«-hhvlated cytosine antibody, the DNA 
with the -^-"^^^f f^^^ J,,„p,3,.to™ing DNA fragment 
fragments contained m the comp methylation sites 

^^TiH ^^^^ = 

either of two C-containing cohesive ends) . 

this case (i.e., when the DNA fragment "i^'ture is 
..eprred using the '"-.vlation-insensi.i.e restr.^^^^ _ 
enzyme capable of generating a C-containi g 
Ihe^ontact of the 0.. fragment the 
methylated cytosine antibody may complex-forming 
following specific conditions to separate 
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fragment group consisting of only ^^/"^"-^ 
both methylation sites located at both ends are methylated 
Te" Jhylated cytosine exists at both C-contarnxng 
cohesive ends) from an unreacted Dm fragment group. 

,s known that a divalent binding of an antibody shows 
a higher affinity than a monovalent binding by a factor of 
apprfximately 10^ (M-, in an antigen-antibody --.o^/^- 
exLple, Ivan Roitt, Jonathan Brostoff, and Dav.d Male 
oZ Tlda, trans-ed.. Mena.iga.u Illustrated 
^ > f»hruarv 10 2000, Nankodo, p. HO (original title. 
^^M^oro^ .^™'.01.X0K». The term -divalent bi^^ding" as 
used herein means that one antibody molecule (or two 
antibody molecules immobilized on a carrier, binds to an 
antigen at two antigen-binding sites. The term -monovalent 
antigen a antibody molecule 

binding" as used herein means that one antio y 
binds to an antigen at one antigen-binding site. 

'"""ireinafter, the divalent binding and the monovalent 
binding will be further illustrated with ^^^^^^^^ 

^r. A Fiaures 1 to 4 schematically illustrate tn« 
iri:: llll Tmrcule of double-stranded 0.. ,1, havin. 
:ohesi:e ends at both ends and one ^r^^^^ - 
methylated cytosine antibody (2) . The black 
Figures 1 to 4) and the white circle (in Figure 1) at 
cohesive ends of the double-stranded DNA (1, represent 
methylated cytosine and cytosine, , 

AS shown in Figures 1 to 4, a molecule of antibody (2) 
AS snown . monovalent binding, 

has two antigen-binding sites. In the 

the antibody .2. binds to the double-stranded DNA ^ -J>^^ 
antigen at either antigen-binding site (Figure 1). In the 
divalent binding, a molecule of antibody (2, 

I , of antiaen (1) at two antigen-binding sites (Figure 
eac f «: al^Ldy molecules (2, immobilized on a 
cL'rri r 3' binds to an antigen molecule (1, at one antigen- 
ri::ing site (Figure 3,. In Figure . each of - -"-^V 
molecules (2) binds to an antigen molecule (1) at one 
molecules U) ^ ,r known that the affinity m 

antigen-binding site, and it is known binding 
this case is the same as that of the monovalent binding. 
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' Z described above, the affinity of the divalent b.nd.ng 
i. different fron, that of the monovalent binding, and thus, 

ofsible to dissociate the monovalent 
Lintain the divalent binding by selecting appropriate 
conditions in an antigen-antibody reaction syste™^ The 
binding between an antigen and an antibody is based on, 

^! an electrostatic bond, a hydrogen bond, or a 
example, an electr electrostatic bond 

hydrophobic bond. It is known concentration or a 

=,fferl-ed bv, for example, a salt concenuio 
may be affected by, hydrogen bond and the 

pH. Similarly, it is known that the hydr g 
hydrophobic bond may be affected by, for --P^^' ^ 
concentration of urea or guanidine '^vdrochlo de a d 
concentration of polyethylene glycol, respectively. 

1» with respect to the salt concentration (for 
For example, wxtn respeoi. u 4.-v.^h^7 
1 » an NaCl concentration) in an antigen-antibody 
example, an NaCl con divalent binding is 

reaction system, conditions - J*^-^ ^^^^^^ (including 

„..ntained ^ Tvfle r^^^^^^^ - the monovalent 

rnrcL^^sfrnd L dlvalent binding dominates over the 

accordance with the kind or accordance with an 

concentration may be easily ,,,„p,e, 
antibody used in an antigen-antibody ; 
by using experimental systems in Examples <l-="^^^ 

-. -^v. ^^^r^ect to conditions other than x.ne 

Similarly, with respect to ^ ^ ■ nrea 

a r-nncentration or urea, 
salt concentration (for example, a concent 

^ ^ „,.hloride or polyethylene glycol, or a pH) 
guanidine hydrochloride J renditions in which 

capable of affecting the affinity 

reTsCdetermined in accordance 
With an antibody used in an antigen-antibody reaction. 

'°°"Ln a con^ination of an anti-methylated cytosine 

antibody and an anti-cytosine antibody is used in the 

antibody-contact step, a DNA fragment group f 
antiDoay either methylation site 

only DNA fragments in which only ^ , ,. . 

(i.e., cytosine) at both ends is methylated (i.e.. 
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mPthvlated cytosine exists at only either of two C- 
rontrinin. cLsive ends) .ay .e o.taine. as the complex- 
forming DHA fragment group. 

For example, the DNA fragment mixture obtained rn the 
preparation step is ^rought into contact with ^^e ant- 
Lthylated cytosine antibody to separate a ^-"P --^^^/^^ 
of DNA fragments which form an ".//^^L, 
„,.thvlated cytosine antibody (a complex-f ormrng DNA fragment 
Troup from a group consisting of DHA . fragments which do not 
!eac: With the anti-methylated ------- y^ 

unreacted DNA fragment group) .■ Then, the ob 
forming DNA fragment group is brought xnto -"^^^ 
anti-cytosine antibody to separate a group ccnsrst.ng of DNA 
fra ments which form an i,™aunocomplex with the antr-cytosrne 
iribody (another complex-forming DNA fragment group, from a 
group cListing of DNA fragments which do not react w.th 
the anti-cytosine antibody (another unreacted DNA fragment 
group, . The DNA fragment group of interest may be obtained 
Is the another complex-forming DNA fragment group In thrs 
connection, the contact order of the antx-methylated . 
cytosine a;tibody and the anti-cytosine antibody may be 

"Tlteinately, after the antibody-contact step may be 
carried out using the anti-methylated ^^--^ ^^^/^^^^ 
under ordinary conditions, an elutron may be carrred 
under conditions in which the monovalent binding rs 
dissociated and the divalent binding is maintained rn an 
dissocratea „hrain the DNA fragment group 

antigen-antibody reaction to obtain the y 
consisting of only DNA fragments in which only either 
methylation site (i.e., cytosine) at both ends is 

. ""Te'e™ "ordinary conditions in an antigen-antibody 
reaction" as used herein means conditions commonly used in 
an antigen-antibody reaction, particularly conditions in 



II described above, one or more DNA fragment groups 
different in the state of methylation of cytosine contained 
he C-containing cohesive ends at both ends thereof may 
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be Obtained in the antibody-contact step, by . 
conditions of an antigen-antibody reaction, or selecting one 
or more antibodies or a combination thereof 

For example, a DNA fragment group consxst.ng of DNA 
fragments in which at least one methylation site U e^, 
cvtosine) at both ends is methylated (i.e., methylated 
cyto na exists in at least one of two C-containing cohesrve 
Zds, may be obtained as the complex-forming DNA fragment 
group by carrying out an antigen-antibody reaction usrng the 
!nti!meLylated cytosine antibody under ordinary -ond.t rons . 

For example, a DNA fragment group consisting of DNA 
fragments in which both methylation sites (i.e., cytosrne) 
at both ends-are methylated (i.e., methylated cytosrne 
exists at both C-containing cohesive ends, may be °»=taxned 
as the complex-forming DNA fragment group by carrying out an 
antigen-antibody reaction using the anti-methylated cytosine 
antibody under conditions in which the monovalent binding is 
dissociated and the divalent binding is maintained^ 

For example, a DNA fragment group consisting of DNA 
fragments in which either methylation site ( i . e =Vt°sine) 
at both ends is methylated (i.e., methylated cytosine exists 

either of two C-containing cohesive ends, may 
as the complex-forming DNA fragment group by ""^"^ °f 
antigen-antibody reaction using a combination of the anti 

antigen a j anti-cytosine antibody 

methylated cytosine antibody and the anti y 

under conditions in which the monovalent binding is 

dissociated and the divalent binding is maintained. 

the antibody-contact step of the methylated cytosine- 
type production method, the complex-forming DNA fragment may 
be separated from the unreacted DNA fragment group, as 
described above, and the group consisting of DNA t-gments 
shLing a high affinity for the antibody (high affinity DNA 

r^gment group, may be separated from the group consisting 
Of DNA fragments showing a low affinity for the antibody 
(low affinity DNA fragment group,. For example, it is 
,nown in an affinity chromatography using an --^^Tll.Z a 
immobilized column (i.e., antibody affinity -^-"'^^f ^ 
solution, which is prepared by dissolving an antigen mixture 
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.Hile Dhase (for example, a buffer containing a 

the antibody and antigens, P . on the basis . 

, . -, • r^avr-iprs to separate the antigens 

inmobilized ^" ""^ ^j^^^^^f [Japanese Biochemical 

of differences ^n affxnxtxes ^hereo I P g^^^^g^Ku 

society ed., Zolcu Seikagaku J.kken Koza 5 
Jlkken hou, (1986), Tokyo Kagaku Do^m (36-7, 3^chome, 
Senroku' elnkyo-ku. Tokyo, and Current Protocols rn 
immunology, WILEY, 8.2.1-8.2.5]. 

. , HMA fraction of interest may 
in the present invention, a DNA fraction 

be obtained by determining the conditions of a 

K rr.;.rticularly, conditions for an affmityj 
chromatography (particularly, ^ carrier, and a 

accordance with, for example, an antibody, ^J-"^ ; 

■ 4.^j Thfi DNA fragment mixtuxti 
mixture to be separated. The J ^ 

,olution is passed through an affinity coiu 

Ti h the ant!-n,ethylated cytosine antibody, to separate for 

With tne d of DNA fragments capable of 

example, a group consisting of DNA g 
riivalently binding to the antibody (as tne nig 
divalentiy consisting of DNA fragments 

fragment group) ,,,ibody (as the low 

capable of monovalently binomg 
affinity DNA fragment group) - 

'"'Z a factor which affects an affinity, there may be 

OH or the kind or concentration 
mentioned, for example, a pH t example, a 

. ^« ffor example, sodium thiocyanate or 

glycol, thiocyanate (for exampi«, 

potassium thiocyanate), urea, or a hapten]. 

example, When sodium chloride is used as a salt it^ 
^ ^ concentration of generally 0.05 to J 
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, ^ ^ ona When thiocyanate is used, it may 
50%, preferably 0 to 20%. When 3 ^^l/L, 

T moi-hviated cytosme when tne am-x 
a hapten (for example, ^^^ylated cy ^^^^.^^ 

.oncen«at.on or the concen ^^^^^^^^ ,,,_,,..ousXy 

continuously U-e-, yx-o"-*-^ 
(i.e., stepwise elution) . 



'°"xi .av be carrie. out at. generally. pH 2 to XI 5 
preferably pH 4 to 9, .ore preferably pK 6 S.J^ ^^ 

, u ^v-=,ri-i (=nt for example, a graaieni- 

carried out by a pH gradient f ^^^^ ^ ^ ^ 

7.5 (When -"f"'' ^^/^ ^^^art.cularly, it .ay be 
(When bindxng) to pH U.S. Mo J 
r-^rri^ed out by, for example, a gradient iro 
carried out y, j^^L NaCl to 10 nmol/L 

phosphate buffer (pH , ,,adient fro. 

acetate buffer (pH ^■"'//•"r/ 5, /o.l5 n,ol/L NaCl to 50 
10 ™ol/L phosphate buffer J / ^ 
rmol/L N-triethanolamine (pH 11.5) /O. 15 mo 

.f.^stion step of the methylated cytosine- 

Tn the identification s\,^y 

type production .ethod, all or part of ON. ^-^--^^ 
contained in each of the DNA fragment groups ^^^^^ 
complex-forcing fragment /"^^^e rden:ification 

antibody-contact step are 3„ ,,at 

r .rrnreirard: rs^r the subse,uent^a™ment 
::ep may be prepared, m general, ^^ ^J^^-^^;^ so 
determine the nucleotide °*//=^^°l\,/£,,,„ent 
that the nucleic acids may be designed. Each DNA g 

roU or the 0.. fragment -d Lnra 

determine each nucleotide sequence xn accorda 

conventional method. 
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When the antibody-contact step is carried out under 

conditions in which the .'^^-Z^-^^^:;!;:"^ 
and the divalent binding is maintained in an antigen 
antibody reaction, the complex-forming DN. f-^-^J-"^ 

r H in the antibody-contact step consists of DNft 
fr ts^^nThi:^ both^methylatlon sites at ---s are 

.etLlated .i.e. , rL^ri^^ 3, ^ '^.-s 

^-.,nr^^nrT (-oheslve ends) ^Eigure £. >- ^ 
:::r n !r:ation Of ... fragments in w.ich both methylation 
siteL at both ends are methylated may be obtained in the 

"^";r::rs":nre:t;on, w^en the antigen-antlbody reaction 

... . ^ ^„ f-arried out using an 

^^v- ciDPcific conditions is carrier 

under the speciric ^^^^ier the divalent binding 

antibody not immobilized on a carrier, tne 

3ites at both ends are methylated and ^jf^^ 

■ ^^Tw an bD (corresponding to a distance oerwe^ 
::rireni:.Inrsite: of an i~globulin molecule) may be 



obtained 
[0071] 



a- x.^^ HO r-arried out under 
When the antigen-contact step is carriea o 
When the ^ ^ ex- forming DNA fragment group 

ordinary conditions, the complex ^^^"^ ^ ^ fragments 

3ite at r:.. ;a;;ing cohesive ends, . 

rrhL^ ireM tre%::pleK-forming 0.. fragment group per 
33 is used in the identification step, information of each 

0.. fragment may be obtained, .^^ ^^^^J --^tTn^rich both 
determine which DNA fragment is a ™^ ^ ^ 

methylation sites at both ends are -^"ylated o. 
fragment in which either methylation site at both 



methylated 
[0072] 



: the identification step, DNA fragments, in which both 
methylation sites at both ends are methylated may be 
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3epa.ated fro. fr..™en.s in ^-^^l^'^ll^lfllT''" 

Site at .oth ends is °";^::,::r:indin, and the 

difference in affinity between the <l"alent b 9 

monovalent binding to ^-^-jf/J^r,:/, - - - 

.„,.ents in which either ^llf^llZ:^:,^-con...t step is 

„4.Kwi at-(id For example, atter tne j 
methylatea. cui t- j.4.i„„. an elution is carried 

carried out under ordinary conditions, an eluti 
out under conditions in which the monovalent binding is 

rr "\:::^ro:rf :srt:- be 

which either methylation site at both en 
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1- .^^o of the methylated cytosine-type 
Tn the arrangement step or trie y _ 

in trie cti-j- ^ ^T^Ar- arids (for example, 

pioduction method, one or ^^^^Z/^^^: I, ,,,,idizing 

oligonucleotides or polynucleotides) capable y 

With any one of the ONA fragments ^^^-^^^-^ - 

--^r"^":L^rcLr:a:":Te:i:e: rnrrr:::;ed on the 

The nucleic ^"^3 may identified in the 

rdrntiricirir::::: t Zor..... .l.. conventional methods 

r::::i:-™t trpreferab. to use Oligonucleotides 
Chemically synthesized on the basis of 2i:::;7Zl^^r.. 
3eguence of each 0.. --^^Turrrate Ln match 

r:iry;\\tr::t:i;roir:ents per se doned . the 

LentiLd step -^l^-^^^. ^ rT^ents per 

■(-v,or-faf rom mav be arrangeu <jii ^ 

therefrom may ^x-f orming DNA fragment group 

se contained in ---/^J"™ „,,3 obtained by 

obtained in the antiboay „ranaed on a substrate, 

amplifying the DNfi fragments may be arranged 

■ '°°'tL nucleic acids may be arranged on a substrate in 
accoLance with conventional methods - P— ^ 
arrav As a method of arranging the nucleic aci 

K r te there may be mentioned, for example, a method of 
Trfcriy Lyntheti.ing oligonucleotides on a substrate or a 
method of spotting previously prepared nucleic acids on 
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substrate to ir^obilize the nucleic acid, thereon via, for 
example, covalent bonds or ionic bonds. 

a array produced by the methylated cytosine-type 

p.oduction method o. the P^^^— ."p^esln; 
methylated ^^^'-^/^^f; J.^/.rtcids capable hybridizin, 
invention), one or more ''"^^^^^ ,,^g^ems contained in the 
with DNR fragments (among the DNR fragme 

fragment mixture prepared /"f/^r ion i.e. , 

containing --V--^ --^;-/:;, ^//^.L^e in'a specific 

::irrm::hrera:: r^^^^^^^^^^^^^^ 
—^rgLratrn^^^^^^^^^^^^^ - ^: 

:r:pec.f ic region is the C-cc^"-"-— n^^ ^ 

both ends. «hen the nuclexc ac.d for sing 

rendering is used, the specific region iS a target reg 

e nucleic acid for single-stranded -^"7-^;;;;;^,,, 
fragment containing a stem and loop structure, the specif 
region is a loop region. 
■ ..icularlv in a DNA array produced by the 

:r;." r.r«.rr::'.::s". .... 

cytosme xn at Least one o ^ • ^-h least one 

-^^rai-.::: reTfT-crarircohrsive ends is 

rh-te:: fre^rr^anged on a ^^^-at. In Particular, 

4.^^+. ^-F 1-he DNA fragment mixture wxu 
when the contact of the^ U^l^ the antibody-contact step is 

methylated cytosine antibody xn the -t^ ,L.,,ent binding 
carried out under conditions xn whxch the mono 
carrxed o bivalent binding is maxntaxned xn an 

is dissocxated and tne aivdx -,^ids capable 

cytosine in both C-containing cohesive ends at both e 
arranged on a substrate. When a combination of the 
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methylated cytosine antibody and the anti-cyto=ine ant.body 

u Ld. or When DNA fragments obtained by P"'— 
antibody-contact step under ordinary conditions 
the elution under conditions in which the monovalent b.ndn, 
is dissociated and the dival.nt binding is marntaxned xn an 
antigen-antibody reaction are identified, one or more 
nucleic acids capable of hybridizing with ONA ragments 
containing methylated^ cytosine in either C-contaxnxng 
cohesive end at both ends are arranged on a substrate. 

'°°'ln a DNA array produced by the methylated cytosine-type 
production method of preparing the DNA fragment ■"-^ure 
using the nucleic acid for single-stranded rendering, one or 
::rnucleic acid, capable of hybridizing with DNA fragments 
containing methylated cytosine in one or 
stranded regions (i.e., DNA fragments xn whxch at least 
oytosine in one or more single-stranded regions xs 
Methylated) are arranged on a substrate. In P"-;-^"; 
when the contact of the DNA fragment mxxture ^^^^"^^^ 
methylated cytosine antibody in the antxbody-contact step xs 
Tarrfed out under conditions in which the monovalent bxndxng 
is dissociated and the divalent binding is maintaxned xn an 

ti en-antibody reaction, one or more -leic acxds capable 
of hybridizing with DNA fragments contaxnxng two or more 
- methylated cytosine in the single-stranded J" 
arranged on a substrate. In this connectxon, when the 
nucleic acid for single-stranded rendering xs used to 
orepare the DNA fragment mixture, it is preferable to 
oonve both ends of the DNA fragments into blunt ends, to 
exclude influence of methylated cytosine or cytosxne exposed 
at both ends. 

'°"ll the methylated cytosine-type DNA array of -h^present 
invention, one or more nucleic acids capable °'^V-^dxzxn. 
with DNA fragments containing cytosine xn a specxfxc regxon 
,i e , DNA fragments in which at least one cytosxne xn a 
eciiic region is not methylated, , which - jf^^"^ 

cytosine-type ONA array described ^^-^^^^^^ 
a substrate. In the DNA array of the present xn 
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»r "r.'rr rir=." 

region, and one or moi: ^ -in a specific region 

3.tas ai«e.en. ^ an e..en. o. .et...at.on can 
be comprehensively analyzed at a time. 

;rcytosine-type production method and cyto.ine-type ON. 

. ""in the preparation step of the cytosine-type production 
of the present invention, an appropriate DNA material 
u d o^'pLrare a ON. fragment mixture in which one or 
lor: Ihvlated cytosines or one or more cytosrnes to be 

— zi :rr::irerrtL^:::::-on step th 
-=:ter:;:=^^ 

'°'Z this connection, when genomic ON. in a 

it is preferable to use a cell having a low -^^y^;-- ^ 

....o,\ecause ON. fragments "^-f rrse^: 

3re selected on ^^^^^^ 

ru"::!: noretrylatfon ratio is used, the ON. 

Tr cment mixture obtained in the P-P"^-°" J^J^^east 
contain a high content of DN. fragments in which at 

one cytosine is exposed. ^atio, there may be 

AS the cell having a low methylation rat , ^ 
mentioned, for ^^^^.P- 1 cells BS =e,^^,^or^-- 

Tirar-ilds T.:Z r r uTed as ^a combination thereof. 

the preparation step of the cytosine-type P-^-^J-- 
method as a method of preparing, from a ON. material, the 
:rrur; of on. fragments in which methylated cytosine or 
Cosine to be methylated is exposed, the P-P--;"^^ 
methods previously mentioned in the ^'^^r'^^;;; ^^Zel The 
methylated cytosine-type production method may 
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aesciptions With .espect to the -XratL"'" 

.3. .e use. in the P--""— "^e^t he ^r-iptions 

cytosine-type production method, except fo 
regarding the methylation-insensitive restrxctron enzyme 
capable of generating a C-containing ^o^^l^^^" 
applied to the preparation step of the cytosxne-type 

production method. 

'°°Zen the .ethylation-insensitive '^^l^'^^.'^^'lITsZe. in 
capable of generating a C-containing cohesxve end xs used rn 
The preparation step of the cytosine-type productron method, 
the genomic DNA can be fragmented with the restriction 
enzyme to generate cohesive ends and, simultaneously, 
:e:riated cytosine or cytosine to be methylated can be 
exposed at the cohesive ends. 

• , f„ a =;'-CG-3' sequence is 
Since the C (cytosine) m a 5 CG i q 

...thvlated in higher animals, it is preferable to use a 

hyla ion-inseLitive restriction enzyme which generates 
CG-containing cohesive end. In the cytosme-type 
p^duction method - -g:e-3 t b arranged on .jn.^^ 

:r:t::in:"r efTrl \f :;i:ine wh^h is not methylated 
° contained in the C-containing cohesive end, DK. fragments 
cannot be selected, because all om ^^^--^^ ^f^^;^" 
cytosine. AS such a restriction enzyme, '^^^^'^^^^^^ 

f there may be mentioned, for example, BsaMI, 

preferable, there may preferable enzyme 

for example, BssSI, Mspl, or TaqI listed in Table 1. 



^ ■ \ ir. ^ ^' -cm-3' sequence is 

Qinrp the C (cytosine) in a b «^in«o j ^ 

Since the ^ yy ™ferable to use a methylation- 

methylated in plants, it is pretera 

insensitive restriction enzyme which generates the CNG 
msensiri restriction enzyme, for 

containing cohesive end. As sue ^ ^ 

r-e»c;t-riction enzymes iisteu j-o*^ 
example, restrict! y underlined 

in BsaWI or Xmal listed m ^^^^^ ' ^^^^ ^33^1 ^r 

«C"s to be methylated, as shown m Table 2 . wne 

. H Hnth "C"s in DNA fragments are methylated, 
Xmal is used and both C s in ui 
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the ONA fragments cannot react with an anti-cytosine 

antibody. 

= c,i-pn of the cytosine-type 
In the antibody-contact step or tne y . . 

^Hod the DNA fragment mixture obtained in the 
production method, the uwm j-x y ^ -^h ;,n snti- 

.^ion step is brought into contact with an anti 
preparation step is ^ consisting of DNA 

rvtosine antibody, to separate a groufc. ^ ■ 

fraclents which form an i^nunocomplex with the antxbody 
r cLplex-formin, ONA fragment group) from a group 
; ;;ting'of O.. fragments which .o not react w.th the 
, , ■ imre^acted DNA fragment group) , or to 

antibody ""//^f/^^ fragments showing a high 

separate a group consrstrng affinity DNA fragment 

affinity for the antibody (i.e., high atlini y 

n from a group consisting of DNA fragments showing a 
group) from a giuuj-- n-i i- v DNA 

low affinity for the antibody (i.e.. low affinity 

fragment ' group) . 

'°°"L anti-cytosine antibody may be prepared by using 

For example, cytiaine j.=> ^ r,i =5i-pred 

to prepare an i»,unogen, and the immunogen is administered 
to a mouse to obtain the antibody of interest 

'°°'IL method Of bringing the DNA fragment ^^^^ 

. V with the anti-cytosine antibody is not particularly 
contact with the / DNA fragment group 

limited, so long ^l^^l^^^Lc.., DNA fragment group. The 
may be separated from tne un c=^r,P,rated from the 

complex-forming DNA fragment group may be -P-^^-^ J 
unreacted DNA fragment group, for example, by "■^^"^mg 
^fragment mixture into contact with th anti-cy^tosi^ 

. antibody carried on an ^^^^[^^^ contact with 
:re^:n:r-crt:/i:rn"rhe\omple:-forming DNA fragment 

Trlup is purified from the who! . 

conventional method to separate tne „ m 

conventi unreacted DNA fragment group. In 

fragment group from the unreacted y complex- 

the former method using an appropriate 
forming DNA fragment group may be separated from 
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unreacted fragment group, for example by an affxnity 

cHro.a.o,rap.y using the ^^^-^^^Z,^^^^^-^'^^ 
antigen-antibody reaction ..,„etic 
carried on complex- 
particles, in the latter two ^ J" example, by 
forming DNA fragment group may be P""''^'*' '° . ^,^3, 
using a column or particles (such as magnetic partrcles) 
carrying protein A or protein G thereon. 

'"'Ing the mixture of fragments in --^ --/-^^^^^ 

cvtosine or cytosine to be methylated rs exposed prepared 

he reparation step, DKA fragments in which cytos.ne xs 
rxpoLd^orm an i^nunocomplex -.--r wit -^^^^^^^^^ 

cytosine antibody, "^^^X- ^ whrct cytokine is not 

DNA fragment group. DNA fragmem;=. ^.^^^^ and 

exposed do not react with the anti-cytosrne antrbody, 
are separated as the unreacted D«A fragment group. 

'°°'lLn the D«A fragment mixture is prepared using the 

■r«=«?triction enzyme capable or 
methylation-insensitxve restrictio y ^^ion 

r:erre%:Ara::r:ar^^^^^^^^^^^^ ^rsi.: ends at 

rot; ends When the complex- forming DNA fragment group rs 
rerarrted-from the unreacted 0^ -rrfra^en:: rtirned 
— ^1::=: rr/r^le^Voup includ a 
fragment in which both mathylation sites ^^J^^^^. 

cohesive ends) . 

'""'li this case (i.e., when the DNA fragment ">i=^---;^ 
.he contact of the DNA fragment "^^^^^J/,"" 
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■ .i„a of only DNA fragments in which both methylation 

:rt:rro:!t:: at i.. e... ..e not ™ethy.a. a 

cytosine exists at both C-containxng cohes.ve 
unreacted DNA fragment group. 

With respect to the specific ^^.t.^.^.^.^ct 
descriptions, previously mentioned "^^/ Jj^^^^...^,, 

:rt::?ort:orir:rirthr^^^^^^^^^^ - 

rsrcLredTnd the divalent -JtHrs .^ifrc 

— rd^— — , 

[00911 ^ „„. or more DMA fragment 

in the antibody-contact step ^^Ztion of cytosine 
= rii f f erent in the state of methylation oi y 
groups d.f*"^^^ c-containing cohesive ends at both ends 
contarned determining conditions of an 

thereof may be obtained, by ^^^^ 
antigen-antibody reaction, or selecting 
antibodies or a combination thereof. 

For example, a DNA fragment group consisting 
, fragments in which at least one --V-t-n J^/^^ 
.ytosine, at both ends is not ^^^^^^^^^ ,.,3, 
• exists in at least one of t fragment group by 

::Lr™ r:: r^r-.™„ .... ... — 

For example, a DNA rrag cytosine) 
fragments in which ----f^/^/'rytrsine' exists at 
at both ends are not -^^^1^^^^ '^^^ ; 3, the 

both C-containing cohesive ^J^''^' '^l ^l^ out an 

complex-forming D.A *"^-^^'^°"^^"^Jt.c'tosine antibody 

:-;:r-^^ — r Lrvati bL . 

• ^.H .nd the divalent binding is maintaxned. 
^^-rrxl^r: ... f.agment group consisting of O.A 
.,a,„ents in which e-he=: -hyia-on ^J^^^^^^ 
at both ends is not methylated J be obtained as 

either of two c-contalning cohesive ends, may be 
t.e complex-forming DNA fragment '^^^^ZtTol o, the anti- 
antigen-antibody reaction using a combination 
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c,tosine antibody and the anti-n,ethylated cytos.ne ant. body 
721 conditions in whio. the .oncvaient b.nd.n - 
dissociated and the divalent binding maxntaxned. 
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identification step and the ar«n,e.ent step of 
cytosine-type production .ethod »ay be carried out 
inner similar to that previously described .n the 
Identification step and the arrangement step of the 
methylated cytosine-type P-^;-""^ J^^^;,,;;!, .He 
descriptions ----/J^ ^yfa^^r^^^^^^^^^^^ production 
arrangement step of "^^^.^^^.....^tion step and the 

ra^erntltrorrcXslne-type production method. 

a ... array r:^-:^^^. 
^ ^ ^-h^^ nresent invention (i.e., ^.n-s j 
method of the preseu.. nucleic acids 

t nresent invention , one or more nucie 

array of the present fragments (among the DMA 

capable of hybridizing ^^^^^^ „,,,,,e prepared in 

f.agments cont n n he c'ytosine in a specific 

the preparation step in which at least one cytosine 

region U e- D.A g ^ are arranged on a 

in a specific regio „ethylation-insensitive 

:: :rrct on rn^ymTcUxe Of generating ^ C----ing 

Lhesive end is used, ^ ^^l^^^^ ^ Lleic 
containing cohesive end bot ^ ^^^^^^^ 

acid for single-stranded r 

• ^ = ^-arnet reqion or tne nuoxc-i. 
region is a target g j^^g^^nt containing a stem and 

stranded rendering. In a DNA trag region, 
loop structure, the specific region is a loop reg 

, nNA array produced by the 

More particularly, m a DNA array p 
■ e tvoe production method of preparing the DNA 
'"t mixture using the methylation-insensitive 
rst::: ir nryme capable of generating a C-containing 
Thesive end, one or more nucleic ^^^^ 
hybridizing with DNA fragments -""-^^f;^^ ^^.^ ,,.e., 

r-containing cohesive ends at botn enu 
least one of C contaxn g cytosine in at least one 

DNA fragments in which at least one y 
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w^^-ixro pnH«? is not methylated) are 
of c-contain.ng cohes ve contact of 

arranged on a substrate. ^" antibody in 

the D«A fragment ..xture "f^^^/^^f/^^^/.^,,, conditions in 
the antibody-contact step xs -"^^ ,,.3lent 

Which the ■"°-^^^^"^^''^"'*^""3^:,,,„-3ntibody reaction, one 
binding is .aintaxned ll ^.Tot ly^r,.^^^-^ with DNA 
or .ore nuclerc acxds capable of hy .^^ 

fragments containrng "^f^^^^.^.^^e. When a 

--.-;-\r::;rntr-ryrsLe"a:trb:dy and the anti- 

rcy o ne antibldy is used, or when fragments 

ir:hi: the mono.aient ^^^^ ^ ^^^^^^^ 
rcti: rrrrdLllfrerrelr^re nuciLc acids capabie 

:rryrrid..ing With 0.. rrtrrds^rrrarged 

either C-containing cohesive end at both 



on a substrate. 
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....... ----^^^^^^ 

" .... -ri^sxr-r-r'j"... =. 

fragments containing two or more -y"--/";;^ ^^:;\,3 
stranded region (s, are arranged on a -^^"f J;^^^ 

— -:;:redTo ::::: re^r;f:::rtrrure, it is 

" /"rie to convert both ends of the DNA fragments into 
rrnrrs. to^::ciude influence Of methylated cytosine or 
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cytosine exposed at both ends. 

the cytosine-type .rray of ^^^^ J^';^'" 

one or more nucleic acids capable of hybrxd.zxng wrth D«A 
fraqments containing methylated cytosine in a specific 
region (i.e., ONA fragments in which at least one cytosine 
In Ispecif ic region is methylated) , which may be used in 
in a speciiit, y previously described, 

the methylated cytosine-type DNA array previ " 
may be arranged on a substrate. In the DNA array of the 
present invention, when one or more nucleic -/^^ "/^"^ °' 
hybridizing with DNA fragments containing '"^^^^^^"^^^ ^^.^^ 
cytosine in a specific region, and one or more nucleic acids 
capable of hybridizing with DNA fragments containing 
cytosine in a specific region are arranged on ^ ^^l'^ 
substrate, methylation in plural methylation sites different 
m an extent of methylation can be comprehensively analyzed 

at a time. 

[0097] 

(3) MONIC method ^ 

The MONIC method, an embodiment of the method of the 

present Invention for producing a DNA array, will be 
present; j-i k m this connection, 

illustrated with reference to Figure 5. In tn 

, ^. „=^niv refer to an embodiment 
the following descriptions mainly refer to 

using the anti-methylated cytosine antibody (i.e., 

: ^h'ylated cytosine-type production method, ^^'^^ 

method can be carried out using the anti-cytosine antibody. 

'°°'li the MONIC method of the present invention, genomic 
ONA (or fragments thereof, 1 as a starting material may be 
treated with a nuclease capable of digesting a single- 

randed DNA, before digesting with a — ^-^^/X^^^ 
capable of generating a cohesive end (Step 1, . m general, 
genomic DNA (or fragments thereof) 1 prepared from a 
Tiological sample contains one or more single-stranded 
Structures (for example, a stem and loop --"""^ ^^J^/^ 
cohesive end lb, , which are naturally-occurring structures 
or artificial structures generated during procedures. When 
the procedure of step 1 is carried out, a mixture of DNA 
fragments 2a, 2b not having single-stranded structures but 
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V, • v.i„nt ends at both ends may be obtained. As the 
Ty be -ntioned, for example, Mun, Bean nuclease or SI 



nuclease . 



'°°'tL resulting mixture of blunt-ended DNA fragments may 
The restriction enzyme capable of generating 

obtain a mixture of DNA fragments 3a, 3b, 3c 
methylated cytosine 4 or cytosine rs exposed at cohes. 

cytosine 4 exists at either c . , v,„,.h cohesive 

3c in which methylated cytosine 4 exists at both 



ends 
[0100] 



IL mixture of DNA fragments 3a, 3b, 3c is brought into 
contact with an ----^^^f J^rrrgL^s "rich 1™ an 
separate a group -"^"-^-/j;;:; ^a^^ent group (Step 3, . 
immunocomplex from an unr cted^^^ through a column carrying 
For example, the mixt-uj.c j.^ ^ ^.^ ^ -Fr-antion 

the anti-methylated cytosine antibody to -parate a fraction 
adsorbed by the column containing DNA fragments 3b, 3c from 
a non-adso'rption fraction containing DNA ^^^^^ ^ 
combination of -/"-^tLTolL ex^p^^^^ 

rr-rd^r^rraLit^^^^^^^^^^^ 

separated from a non-adsorption fraction containing 

fragments 3a, 3b. 

'""ich Obtained fraction may be used to -lyze D.A 
fragments in accordance with . — """/^^ J^;//;,,:"" 
DNA array may be produced on the basis of the results. 

'"^ALording to the MONIC method of the present i--tion, 
since genomic DNA is treated with the nuclease capable of 
Ti gLtIng a single-stranded DNA, even when genomi N^ 
having stem and loop structures is used as a starting 
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material, DNA fragments can be separated - . '^«J=-^,^j;;'^^ 
state of methylation at cohesive ends (or sxngle-stranded 

tructure thereof , without influence of methylation s.tes 
which may be located in the stem and loop structures. 
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(4) MONIC-Loop Trap method ^ ^ mPthod 

The M0.IC-LOOP Trap method, an embodiment of ^he method 
of the present invention for producing a DNA array, wxll be 
of the preseni: p.aure 6 In this connection, 

illustrated with reference to Figure b. ii 
xiiustLdi,c ^^iniv refer to an embodiment 

the following descriptions mainly reter to 
using the anti-methylated cytosine antibody (i.e., 
. hylated cytosine-type production method) ^ 
LOOP Trap method can be carried out using the anti-cytosine 



antibody 
[0104] 



li the MONIC-Loop Trap method of the present invention 
. D«A ,or fragments thereof) 1 as a starting material 
ir::: t d w h restriction enzyme capable of generating a 
t end (Step 1) . When the procedure of Step 1 xs carried 
blunt end (Step i| . t, it 14 having blunt ends 

out, a mixture of DNA fragments 12, 13, 14 nav g 

■ „^ Tn the DNA fragments, the 
at both ends may be obtained. In the DMA g 

stem and loop structures la are maintained. The DNA 
fraction mixture contains DNA fragments having one or more 

nd loop structures and DNA fragments 13 "i^^-* ^ ^7 
hMo structure. The DNA fragments having stem and loop 
u tu e CO tain DNA fragments 12 in which methylated 
oflne : is exposed in the loop region and DNA ragments 
14 in Which methylated cytosine does not exist in the loop 



region 
[0105] 



The resulting DNA fragment mixture is brought into 
contact with an anti-methylated cytosine antibody to 

ep a e a group consisting of O.A fragments which orm an 
separd y nnreacted DNA fragment group (Step 2). 

i™.unocomp ex rom a unr cted^^^ through a column carrying 
For example, tne mixLUJ-c j-o f -Frartion 
the anti-methylated cytosine antibody to -P^f 
adsorbed by the column containing DNA "3^'^;". 
non-adsorption fraction containing DNA fragments 13 14. 
Each Obtained fraction may be used to analyze DNA 
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j.ag.ents in according to a conventional method and a DNA 
array n,ay be produced on the basis of the results. 

r.nithod of analyzing ^ethylation according to the present 

'"^^^^fLthod Of the present invention for analyzing 
.ethylation comprises the preparation step, the antxbody- 
'acting step, and the analysis ^-^^'^^^^'^''^ZV: 
.he present invention for ^^^J^^^f ^^Z;^^^^^^^ 
array of the present invention, or DNfi array 
that of the present invention may be used. 

on the basis of differences in specificities of 
antibodies used in the antibody-contact step, the method of 

analyzing DnI fragments in which at least one cytosine is 
elplsed .hereinafter referred to as cytosine-type analysis 

method) . 

'""li the methylated cytosine-type analysis method, 

included in the method of -:-:n:tr-::rh;rater cytosine 
analyzing methylation, at least an -"^i Y 
antibody (i.e., an antibody which -P-"^--"^ 
methylated cytosine, but does not ^P-^^^^^^^f^bod^. 
cytosine, is used as the antibody used in ant-t>°dV 
contact step. It is preferable to us. the -'^'^jl^"^ 

^■F +-Vi<= nresent invention as tne uln^ 
cytosine-type DNA array of the preseni: 

array used in the analysis step. 

'""Z the cytosine-type analysis method, included in the 

H of the present invention for analyzing methylatxon, 
method of the present antibody which 

i- i^;.st an anti-cytosine antibody (i.e., an antio y 

. callv reacti with cytosine, but does not specifically 
specifically reacts wxu ^ antibody used 

.eact with methylated -"^^'^ -^^^^^^^^l^^.t^.e^the 
.he antibody-contact step^ '^J^J^^^^^^.^^ as the 0.. 

cytosine-type DNA array of the presem: 
array used in the analysis step. 
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in this connection, the anti-»ethylated cytos.ne 
antlbcay and anti-cytos.ne antibody '^yJl^^XJo^ 
con^ination thereof in the methylated cytos.ne typ 

^^^°::::rnr^:e::"hf:e::"::ed cytosine-type analysis 
..thrd wiU .e Lxpiained, and then, the cytosine-type 

analysis method will be explained. 

.naiysis -j-f orc::..^-:: in „hich 

rnm:: rhyratr^osines o. one o. .ore cytosines to 
.e methylated are exposed in each ^I'ZZTl^tos.ne-ty,^ 

.ne 0«^ ^ particularly 
analysis method of the presen ^^^^^^^ 

limited, so long as it xs a ui ^„f„glnes to be 

.ore methylated cytosines or one or -^^^ ^^l^^^^^ 
methylated. As the to be analysed ^^e- m V ^ 

mentioned, for -ample .enom.c O«. n a^c^^^ ^^^^ 

an animal cell or a ^^^^^ ^lo ^c., sample or a sample 
fragments contained xn a brolog 

derived therefrom (for ,,,,,, 3n amniotic 

Xymph, a spinal fluid, saliva a a cites 
fluid, mucus, milk, bile, gastric juices, 
dialysis fluid after dialysis) . 

'""i a method of preparing the 

preparation methods P^-^f/Jt^^rpl^^^^^^^^^ Lthod may 

^^^rir^riorr: to the preparation 

be used. The descrip preparation step, of the 

^^rh:ratr :rs- -t :VrodurtiL Lnod may ^e .ppned to 

piepltatlon step of the methylated cytosine-type 
analysis method. 

v. H contact step of the methylated cytosine- 
In the antibody-contact step u ^wv^ined in 

^Hr.H the DNA fragment mixture obtained m 
r prprtLrsrep irLought mto contact «ith an anti- 
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^ethvlate. cytosine antiWy, to separate a ,.oup consisting 
It fragments which form an immunocomplex 

I . , » complex-forming DNA fragment group) from a 
antibody (i.e., complex i. ^ . v, h„ not- react with 

group consisting of DNA fragments whxch do not react 

. , ■ . „nraacted DNA fragment group) , or to 
the antibody < ^ ^ ; -f/^f/'^, ,„,„ents showing a high 

Tfriry ar^dy <l.e., high affinity 0«A fragment 

Lo^ a group ^-^^^^^^r:^:^:'^ 

low affinity for the antibody (i.e., 

fragment group) . n^ethylated cytosine- 

The- antibody-contact srep oi- j . . , ^ 

r:::rr.r .--'".rip r ». 

j-^^ ;:^nt ibodv-contact step ui- 

"^rr::::yrorire-typ pr drctlol method may applied to 
::rari:od:rorct lUo. ... methylated cytosme-type 

analysis method. 

'""^11 the analysis step of the methylated cytbsine-type 

\ / f the oresent invention, DNA fragments 
analysis method of ^^^/^^ g.oup and/or 

contained in the -^^^jTf ^^^^nreacted DNA fragment group 
DNA fragments contained in the unre ,^^.^^ed using a 

■ ^ th^ antibody-contact step are analyzed using 
obtained m the antiDoay . selected in accordance 

DNA array, which may be appropriately selected 

=>r. intended purpose of analysis, 
with an J .^^^ i„ the antibody-contact step of 

As previously descrineu j. 

of two C-containing cohesive ends); 

ToNA fragment group -"-^-^-J ^"70^ el" r 

rerhyrarerri::^:^!:;:.^:":.^ i-^^ at both . 

Iirrrrerrrr rnilstlng Of 0.A fragments in which 
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/■ „ r-uhosine) at both ends is 
either methylation sxte (i.e., ^y""" ' ^.^^^^^ of 

methylated (i.e., methylated cytos.ne exxsts 
two C-containing cohesive ends) ; ^ „hich at 

a 0>,. fragment group consis rng f^^^^ ,^,3 ,3 

least one methylation site (i.e., cyt 
not methylated (i.e., cytosine exists in at least 

cohesive ends); or • fraqments in which 

a D«A fragment group — ^^"^//^ J,^, rXboth ends is not 
either methylation ^^^^ ' ^^"nlLL of two C- 

methylated (i.e.. x:ytosine exists at eithe 
containing cohesive ends) may be obtained^ In the p 

invention, one or more D«A ^"^-"V ^""f "^,^7,3' 
in accordance with an intended purpose of analysis. 

[^^-'-■^^ . .uv, r.,^-i-v.wi ai-e(d cvtosine-type 

AS the DNA array used in the methylated Qy 

w J cho oresent invention, there may 
analysis method of the P^^^ eytosine-type D«A 

mentioned, for example, the methy „„y 
array of the present invention ^^e cytosine yp 

Of the present invention, or ^^o^ZlZlT s ONA array in 
arrays, there may be mentioned, for example, 
ich nucleic acids capable of '^Vbridi.mg « th 

obtained by digesting genomic DNA witn a 
rt^rarior-nsitlve restriction en.^e ( Jor 
.max, capable ^ ^ i:;^ T^^.... cytosine 

r:ro:rtotei:rhylatid are arranged ^ a substrate. 

'°":L 0.. fragments contained in the -Piex-fo™in. 0.. 

v.^ ariaivzed. for example, wni±e 
fragment group may be analyzea, 

form as the immunocomplex, or after 
maintaining the form as x.n ^ -methvlated 

^■r.n the DNA fragments from the anti metnyj-ai: 
separating the DNA g analysis is not affected, 

cytosine antibody, so long as the analysis 
in general, the anti-methylated cytosine antibody is 
preferably used as the antibody immobilized on an 
appropriate carrier. 
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tL analysis of the DNA fragments using the DNA array 
raav be carried out in accordance with a conventional method. 
Zr slZ^^. the Dm fragments as a sample to be assayed are 
previously labeled with an appropriate label (such as a 
fluorescent substance or a radioactive substance) , and 
liuoreii-B ,,,r.=naed on the DNA array, 

hybridized with each nucleic acid arranged on t 
nyoriuj. lahpled DNA fragment bound to 

Each signal derived from each labeled un« y 
each nucleic acid on the DNA array is analyzed (i.e., 
measured or detected) to comprehensively confirm the 
presence or absence of each DNA fragment capable of 
hybridizing with each nucleic acid. Alternately, the DNA 
fragments contained in the complex-forming DNA 
groL and the DNA fragments contained in the unreacted DNA 
fr^ment group may be independently labeled with different 
labels to subject them to the DNA array. 

'°"wL the methylated cytosine-type DNA array of the 
present invention is used in the methylated cytosine-type 
analysis method o£ the present invention, for example the 
DNA fragment mixture may be brought into contact with the 
anti-methylated cytosine antibody in the antibody-contact 
step to separate D«A fragments in which methylated cytosine 
is exposed (i.e., complex- forming DNA fragment group) from 
ONA fragments in which methylated cytosine is -posed 
,1 e unreacted DNA fragment group), and only the DNA 
LigmLnts in which methylated cytosine is exposed may be 
used for the analysis using the DNA — ' ^^"/>;^; 
a methylation ratio in genomic DNA of a cell to be analyzed 
is high, increased positive spots (i.e., decreased negative 
spots) on the DNA array are observed, because the DNA 
Txture contains a high content of DNA ^"g-"ts in which 
methylated cytosine is exposed. If the 7;^° 
low, decreased positive spots (i.e., 

spots) on the DNA array are observed, because the DNA 
ILture contains a low content of DNA fragments in which 
methylated cytosine is exposed. 

AS above, on the basis of trends of positive spots 
and/or negative spots (i.e., numbers thereof) in each cell 



(49) 



to be analyzed, the methylation ratio in genomic DNA o£ the 
"can Z evaluated, .u.ther, on the basis of profile, of 
positive spots and/or negative spots, the state of the cell 
'for example, malignancy of a can.er cell, differentiation 
of a cell, morbidity of diseases) can be evaluated. 

'°"wLn a DNA array in which nucleic acids capable of 
hybridizing with DNA fragments obtained by digesting genomic 
the methylation-insensitive restriction enzyme ,for 
example, Xmal) capable of generating a cohesive 
containing methylated cytosine or cytosrne to be -'^ylated 
(for example, CG-containing cohesive end) are "ranged on a 
lubstrate is used in the methylated cytosine-type analysis 
method of the present invention, for example, the DNA 
fragment mixture may be brought into contact with the anti 
iLhylated cytosine antibody in the antibody-contact step to 
separate DNA fragments in which methylated 
exposed (i.e.. complex-forming DNA fragment 9-"^' 
fragments in which methylated cytosine is not j^-!- 
unr!acted DNA fragment group) . Either group may be used for 
the analysis using the DNA array, or both groups 
independently labeled with different labels -y be used or 
the analysis using the DNA array, to evaluate the state of 
methylatLn. If an amount of DNA fragments to be subjected 
to a DNA array Is insufficient, a sufficient amount of DNA 
fragments may be obtained by previously performing a DNA 
amplification, such as a PGR, to carry out the analysis 

using a DNA array. 

When the antibody-contact step is carried out under 
ordinary conditions, and an elution is carried out under 
conditions In which the monovalent binding is dissociated 
and the divalent binding is maintained in an antigen- 
antibody reaction, the complex-forming DNA fragment group 
consists of DNA fragments in which both methylation sites 
both ends are methylated, and the eluted unreacted DNA 
fragment group consists of DNA fragments in which either 
Teth^latlon site at both ends is methylated Thes DNA 
fragment groups (either or both) may be subjected to the 
array to evaluate the state of methylation in detail. 
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according to the analysis method of the present 
invention, it is possible to analyze the state of . 

'^'"Tor example, almost all DNA fragments obtained by 
digesting genomic U.. with Xmal are considered .o be a 
in Which methylation does n6t vary -9"dless of the 
each cell. In particular, it is considered that Pa""^- 
,enes (not gene regions, should be always ---^t^d. 
I p.eferable to notice a ON. fragment .n wh ch oN. 
fragment derived from a cancer cell is trapped by 
but a DNA fragment derived from a normal cell is not 
trapped, or a fragment in which a CH. -^--^J^"^^ 

from a normal cell is trapped by a column, but a DNA 
fragment derived from a cancer cell is not trapped. 
[0119] 

(2) Cytoslne-type analysis method 

in the preparation step of the cytosine-type analysis 
.ethod of the present invention, a ON. to ^l^^'Jl^^'l^, 
used to prepare a DNA fragment mixture - "t^-^ °- 
methylated cytosines or one or more oytosines to be 
methylated are exposed in each DNA fragment. 

^he DNA to be analyzed in the cytosine-type analysis 
.ethodof the present invention is not particularly limited, 
so long as it is a DNA which may contain one or more 
:,ethylated cytosines or one or more cytosines to be 

./l,ted AS the DNA to be analyzed, there may be 
methylated. As tne u example, 
mentioned, for example, genomic DNA in a cell ( 
an animal cell or a plant cell, , or a mixture of fr.. um 
fragments contained in a biological sample or a sample 
derived therefrom (for example, blood, plasma, serum, urine 
deriveu u , . oc^r-ites fluid, an amniotic 

lymph, a spinal fluid, saliva, a ascites flu , 
fluid, mucus, milk, bile, gastric juices, or an artificial 
dialysis fluid after dialysis, . 

'"'II a method of preparing the DNA fragment mixture, the 
preparation methods previously mentioned in the P-P^"^-" 
Ttep Of the methylated cytosine-type production method may 
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be used. The descriptions with respect to the P-P"^""" 

the antibody-contact step of the cytosine-type 
analysis n,ethod, the DNA fragment mixture obtained .n the 
preparation step is brought into contact ""^ ^ Z";/;^^ 
, cytosine antibody, to separata a group '^o^^^ll^^ttoZ 
fracments which form an immunocomplex wrth the antibody 
r cLplex-forming ONA fragment group) from a group 
c^nsiLting of ONA fragments which do not react wrth the 

. ^ nnreacted DMA fragment group), or to 

:::::: : ;:p cr'sting of fragments Showing a high 

affinity for the antibody (i.e., high affinity DNA fragment 

Lorn a group consisting of DNA fragments showing a 
group) from a gruut/ v. ,4r4r^„i+-v DNA 

low affinity for the antibody (i.e., low affxnxty 

fragment group) . cytosine-type analysis 

The antibody-contact step o.l \ 

v.^ r;,rried out in a manner similar to that 
method may be carriea out x _ 

• =:iw df^scribed in the antibody-contact step or 
previously describea in descriptions regarding 

^^c:-ir.^-tvne production method. The aescnF 
The tibodr-contact step of the cytosine-type productron 
Tethod may I applied to the antibody-contact step of the 
cytosine-type analysis method. 

the analysis step of the cytosine-type analysis 
H of the present invention, DNA fragments contained in 

method of the preseui- ^„H/r.r DNA fragments 

the complex-forming DNA fragment group and/or DNA fr g 

contained in the unreacted DNA fragment 9-">' "^^^/"f^/; 

^ ^^ntsct Step are analyzed using a DNA array, 
rhLrryte arprpriately selected in accordance with an 

'-^'T^Z^ ::eroi"-'cVtosine-type analysis method 

b. carried out in a manner similar to that previously 
„ay be ""^"^ „j the methylated cytosine- 

described in the analysis step o 

type analysis method. The descriptions regarding the 
anllvsis step of the methylated cytosine-type analysis 
rthld Ly b'e applied to the analysis step of the cytosine- 
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type analysis method. 

'°"when the cytosine-type DNR array of the present 
invention is used in the cytosine-type analysis -^^od of 
the present invention, for example, the DNA fragment mrxture 
„ay be brought into contact with the anti-cytosrne antibody 
in the antibody-contact step to separate DNA fragments .n 
which cytosine is exposed (i.e., complex-forming DNA 
fragment group) from DNA fragments in which cytos.ne rs not 
exposed (i.e., unreacted DNA fragment group), and only the 
DNA fragments in which cytosine is exposed may be used for 
the analysis using the DNA array. In this case, if a 
tne anao-y v. „ nun r>f a cell to be analyzed IS 

methylation ratio in genomic DNA of a ceil to 
high, decreased positive spots (i.e., increased negative 
spots) on the DNA array are observed, because the DNA 
mixture contains a low content of DNA fragments in which 
cytosine is exposed. If the methylation ratio is low, 

^ ,■ = Hor-r-oased negative spots) on 
increased positive spots (i.e., decreased neg 

i.,„=v.„aH hccause the DNA mixture contains 
the DNA array are observed, because 

a high content of DNA fragments in which cytosine is 

"^"Ifabove. on the basis of trends of positive spots 
and/or negative spots (i.e., numbers thereof) in 
to be analyzed, the methylation ratio in genomic DNA of the 
cell can be evaluated. Further, on the basis of P-*-^^- °^ 
positive spots and/or negative spots, the state of the cell 
Tfor exampL, malignancy of a cancer cell, differentiation 
of a cell, morbidity of diseases) can be evaluated. 

'"^wLn a DNA array in which nucleic acids capable of 
hybridizing with DNA fragments obtained by digesting genomic 
DNA with the methylation-insensitive restriction enzyme (for 
example. Xmal) capable of generating a ->^"^'^/"^^ , 
containing methylated cytosine or cytosine to be -thylated 
(for example, CG-containing cohesive end) are arranged on a 
substrate is used in the cytosine-type analysis -^^od oj 
the present invention, for example, the DNA fragment mixture 
Ty be brought into contact with the anti-cytosine antibody 
in the antibody-contact step to separate DNA fragments m 
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Which cytokine Is exposed (i.e., complex-forming DNA 
fragment group, from DNA fragments in 

exposed (i.e., unreacted DNA fragment group,. E^^'^^J^^ 
may be used for the analysis using the DNA array, or both 
g/oups independently labeled with different labels may be 
used for the analysis using the DNA array, to evaluate the 
state of methylation. If an amount of DNA fragments to be 
subjected to a DNA array is insufficient, a suffxcrent 
amount of DNA fragments may be obtained by previously 
Trformlng a DNA amplification, such as a PCR, to carry out 
the analysis using a DNA array. 

When the antibody-contact step is carried out under 
ordinary conditions, and an elution is carried out under 
conditions in which the monovalent binding is dxssocxated 
and the divalent binding is maintained in an antxgen- 
antibody reaction, the complex-forming Dm fragment group 
consists Of 0.. fragments in which both ^^^^^^^ 
both ends are not methylated, and the eluted 
fragment group consists of DNA fragments in whxch either 
: tfylation site at both ends is not -^^lated These DNA 
t.agLnt groups (either or both) may be subjected to the DNA 
array to evaluate the state of methylation xn detaxl. 

^"'"he main features of the methylated cytosine-type 
analysis method (an er^odiment using the methylated 
cytosine-type array) and the cytosine-type -alysxs -t-d 
(an embodiment using the cytosine-type array), whxch are 
included in the method of the present inventxon for 
analyzing methylation, are shown in Table 3. 



Table 3 

Analysis metho d 
Antibody used 
DNA array used 




Trends n^ethylation 

Negative spots 
spots methylation ^ 



Methylated cytosine-type Cytosine-type 

. . Neqative spots 

Positxve spots iN«y° 

Positive spots 
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31 Method of purifying DNA of the present invention 

in the method of the present invention for purxfy.ng a 
DNA a double-stranded DNA fragment having cohesive ends .s 
Obtained using an antibody specific to a base contained xn 
the cohesive ends. The method of the present invention for 
puri yin a on. .ay be used, for example, in the antrbody- 
contact step of the production method of the present 

invention or the method of the present invention for 

analyzing methylation . 

'""1 a .nown method of purifying a DNA fragment having 
cohesive ends (for example, DNA fragments obtained by 
digesting a DNA with a restriction en.yme, for example, a 
method of separating DNA fragments in a gel by 
electrophoresis and eluting the DHA fragment of interest 
from the gel is coimonly used. However, s.nce the 
electrophoresis is an essential step in th.s method, 
fragment of interest cannot be purified rapidly. 

'""virious antibodies specific to each base contained in a 
0«A and a method of isolating a single-stranded DNA us.ng 
the' same are known, but a method of isolating Dm fragments 

Ttained by digesting ^ ^^^^ ZZJ:^^ 
such an antibody has never been attempted, 
of the inventor, the reasons are considered to be as 
follows, in a double-stranded DNA, since ^^^''J^^^Jl 
located inside of main chains, it is considered -^^^ 
binding of an anti-base antibody to the base as the antigen 
;ould be inhibited. Further, ^^^^^ ^^^^ ^:T°L\l.y 

cohesive end generated by a restriction -/:^l^^ ^l '2 lntl 
2 to 4 bases, it is considered that the binding of an anti 
base antibody to the base located in a eohesive end is 
difficult due to steric hindrance or the like. 

'°'Ze present inventor examined various embodiments of the 
antibody-contact step in the production method of the 
present invention and, as a result, found that a DNA 
fragment having a cohesive end can be isolated by using an 
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antibody specific to a base contained in the cohes.ve end 
The result in which the antigen-antibody reaction at such a 
.ho/t cohesive end can be carried out without influence of 
steric hindrance or the like is unexpected. 

double-stranded DNA fragment which may be used in the 
A aouuxc oresent invention 

method of purifying a DHA accordrng to the prese 

not particularly limited, so long as rt has ^^^^ 
cohesive end. As the double-stranded DNA fragment, there 
mentioned, for example, DNA fragments obtarned by 
digesting a om with a restriction enzyme capable of 
generating a cohesive end, ONA fragments obtarned by 
digesting a DNA with an exonuclease, or a double-stranded 
ragment obtained by hybridizing two Kinds of s.ngle- 
stranded DNAs. The base length of the cohes.ve end rs not 
Tarticularly limited, but may be, for example, 10 bases or 
less preferably a base length (generally 5 bases or less 
preferably 4 bases or less, more preferably 3 '>ases or less 
Lst preferably 2 bases or less, of a cohesxve end generated 
by a digestion with a restriction enzyme. 

the base contained in a cohesive end, there may be 
mentioned, for example, general bases contained - ^ 
naturally-occurring DNA (for example, cytosrne, ^-^^ylated 

naturdx y i-hwmine) , bases chemxcally 

cytosine, adenine, guanine, or thymine), ^^amole 
u '^^nw r-onverted by oxidation (for example, 
modified or chemically convertea y ft_oosition of 

M^nerated by an oxidation at the 8-position oi 
8-oxoguanine, generated by ^rosslinked by 

the purine ring in guanine), or bases cros 
ultraviolet rays (for example, thymidine dimer) As the 
■ antibody specific to a base contained in ^ cohes ve 
there may be mentioned, for example, an 

antibody! an anti-methylated cytosine antibody, an ant i 
adenine" ntibody, an anti-.uanine antibody, an anti-thymine 
antibody, an anti-8-oxoguanine antibody, or an anti- 
XmidiL dimer antibody. The -i.c^y ^^a^ be s^^^^^^^^^^^ ^ 

accordance with a nucleotide sequence of a cohesi 

DNA fragment to be purified. 

The antibody may be a monoclonal antibody or a 

polyclonal antibody. The term "antibody" includes not only 
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an antibody in a^narrow sens, (i.e., f 
molecule per se) , but also a fragment of an antxbody, 
as Fab, Fab', F(ab')2, or Fv. 

'°''tL contact of the DNA fragment to be purified with the 
anti-base antibody may be carried out in a manner sxm.lar 
that of a general antigen-antibody reaction. «hen the • 
contact is carried out under conditions in which the 
monovalent binding is dissociated and the divalent b.nd.ng 
is maintained in an antigen-antibody reaction, a DNA 
fragment having the s.me cohesive end at both -ds may be 
seplrated from the other DNA fragments. For example, when 
ml is digested with a combination of two or more kinds of 
restriction enzymes, a mixture of DNA fragments having 
TariLs cohesive ends generated by the -friction enz^es 
is obtained. An antigen-antibody reaction may be =""^<^ 
out using the DNA fragment mixture under conditions in which 
the monovalent binding is dissociated and the divalent 
binding is maintained in an antigen-antibody reaction to 
separate DNA fragments having the same cohesive end at both 
ends from other DNA fragments (for example, DNA fragments 
having different cohesive ends at both ends) . 

'"^According to the method of purifying a DNA according to 
the present invention, only DNA . ^^,,3 

specific base at cohesive ends can be purified, on the basis 
of the presence or absence of the specific base,, without 
performing gel electrophoresis. f^aoment 
Por example, a plasmld containing a cloned DNA fragment 
treated with two kinds of restriction -^V-"/ J^^* 
excise and purify the DNA fragment. The purified DNA 
fragment having a cohesive end generated by the restriction 
enzyme A and another cohesive end generated by the 

■ R is further divided with the third 

restriction enzyme B is turtnei. 

restriction enzyme C into two subf ragments . Exther 

resuii^ haoi=i of the presence or 

subfragment may be obtained on the basis ol tne p 

absence of a specific base contained in a nucleotide 
sequence generated by the restriction enzyme A or B, without 
performing gel electrophoresxs . 
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Farther, the method of purifying a DNA according to the 
present invention is used to amplify only one or more DNA 
f a lents (including a case of a .ind of DNA fragment and a 
case of a mixture of plural Kinds of DNA '"^-^^J^^^^^^^^^ 
containing a specific base in a cohesrve ""^^^^^ 
the method of the present invention for -P^^^^^^ ^ ^^^^^^^^ 
using the method of purifying a DNA according to the present 
invention will be illustrated. 

the method of amplifying a DNA according to the 
present invention, for example, a DNA sample xs digested 
with a restriction enzyme capable of generating a cohesrve 
Zt and only one or more DNA fragments of interest are 

c^r,rp> the purified DNA 

onr-ified using an antibody. Since T:ne 

fr ;l nt.s, have cohesive ends, the DNA fragments may be re- 
igned !ith a OKA ligase to generate a DNA having a hrgh 
Jecular weight. In this case, the P""/-^ ^^^^^^^^ 
fragment(s, may be a kind of DNA fragment, or -J--^"" °^ 
plural kinds of DNA fragments. After the resulting hrgh 
lolecular weight DNA is amplified using an aPPropr.ate -A 

-t-hf^ anvDlified DNA may be re-digestea 
amolif ication system, the ampiiJ-J-c*-* j 

"th Le restriction enzyme used in the first drgest.on to 
selectively amplify only DNA fragment (s, previously purrfred 
by using the antibody. 

'""11 the ONA amplification system, there may - ---n^-' 
for example, an amplification system -^"^^Ge^om ^^'^^^^ ^o,, 
example, GenomiPhi DNA Amplification K.t, ^ 
^ersham, . According to the amplif icatron ^V^^- ^ ^ 
having a base length of 50 Kbp or more can be ^"--"^^^ 
amplified. For example, several nanograms of DNA can be 
aZiif ied to several micrograms of DNA. Since random 
primers are used, all DNA fragments pre-ously purxfred 
Ling the antibody can - -^^ ^f/ rm:;ed soTong as 

::r;^rrr:::e::r:t::n:rmrb: ampuLed at a time, ^he 

saL result may be obtained, for example, by Irgatxng a 
itrKer adaptor to the DNA fragments purified ^^^^-^ 
l^tibody and amplifying the ligated DNA fragments by a PCR 
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method using oligo-DNA primers specific to the linker 

adaptor. 

'"'Lording to the method of amplifying a DNA according to 
the present invention, a high S/N ratio can be obtained rn 
comparison with a DMA amplification using -^J)^;-^--^^^^ 
various genes as a template, because the DNA(s) of interest 
IL concentrated before the amplification. Thrs -^-a'-- 
that the content of the DNA(s) of . interest in the amplrfxed 

DNAs can be easily judged. 

until now, an amplified DNA product rn whrch the state 
of methylaticn of cytosine in a template DNA is — t"n-<^ 
.as not been obtained. However, in the present -'-"on 
the DNA(s, of interest are concentrated and purrfxed by the 
antibody using, as an index, methylation of cytosrne rn 
cohesive ends (i.e., single-stranded DNA regions) at both 
ends generated by a digestion of a restriction enzyme 
before the D«A amplification, and thus, only methylated 

DNA(s) can be amplified. ^.^ at. 

AS above, even if a large amount of DNA fragments rn 
which cytosine in single-stranded cohesive ends .s not 
methylated are contained in a DNA sample to be assayed, DNA 
TrSL in Which cytosine in single-stranded cohesrve ends 
is methylated can be efficiently amplified. 

'°''IL example, in a patient suffering ^ ^Z/^;/ 

very small amount of cancer-specif ically methylated DNA 
fragments flow from a cancer tissue into blood. In a 
healthy person not suffering from a cancer, several 
nanogramLmL of ONA fragments derived from normal cells flo„ 
in blood. TO analyze whether or not a. subject rs ^-^^-^^^l 
from a cancer, it is necessary to detect abnormal methylated 
ONA fragments derived from a cancer in the DNA fragments 

derived from normal cells. r.= llv 

According to the present invention, cancer-specrf really 

methylated DNA fragments can be concentrated usrng an 
antibody, m the concentrated and purified DNA fractron, 
DNA fragments having abnormal methylation caused by 
canceration are concentrated. 
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EXAMPLES 
[0138] 



The present invention now will be further illustrated 
Kv but is by no means limited to, the following Examples. 

-^^^%:;:^IZrol Xmal-al^ested DNA fraction 

Genomic DNA was extracted from a human normal fibroblast 
TIG-1 [population doubling level (PDL) = 29 to 301 in 
a cordlnc: with a conventional method, and -5 P9 of genom. 
DNA was digested with a restriction enzyme Xmal (10 U for 2 
hours The digested DNA fragments were diluted wrth 1 mL of 

\ ^ V. ff^^ (PBl/50 mmol/L NaCl/0.05% Tween 
10 mmol/L phosphate buffer (PB)/5U mmoi/ 

20 (dH 7 15) to dilute a reducing agent contained in a 

^uf er for i restriction enzyme. To the solution. 10 pg of 

an n i-5-methylcytosine mouse monoclonal antibody Japanese 

unexamined Patent Publication No. 2004-347508 (JP 2004- 

IZZ .1); or Program and Abstracts in 25th 

of the Molecular Biology Society of Japan, published on^ 

K ,s 2002 2P-0111. p. 7171 was added, and the whole 
November 25, ZUU^, uxxx, ^ Afi-*^r 

allowed to stand at room temperature for 5 — ^"^"^ 
the reaction, the whole was passed through a protein A 
TolZ [CXM monolithic column Protein A H.O,- Separations 
..o.o. (Slovenia,; http://www.monoliths com • J"-;;^™; 
was washed twice with 10 ™nol/L PB/0.15 ^^^^/^^^f 

,n ,2 5 mL) to remove non-adsorbed DNA fragments from 
rco'm: ^et, 10 mmol/L PB/0.4 mmol/L .aCl/0.05* Tween 
20 (4 mL) was passed through the column to elute DNA 

a ments. which dissociated under these contritions from 
the column, and the fraction was kept '"^^me^^b^^^^ 
fraction. After the column was washed with the same buffer 

SmL, all remaining DNA fragments were eluted with 2 mL of 
0^3 mlwL sodium acetate ,pH 4.5). and the fraction was .ept 
as the second DNA fraction. 

total amount of each DNA fraction was measured and 
the first and second DNA fractions were 16.7 ng and 7.2 ng. 
respectively. In this connection. 10 ug of antibody was 
used in this example, when an amount of antibody to be 
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a.aed is increased, an amount of OH. ^^J^^^^^f^j; 
column is increased and, as a result, an increased y 
Z:Z, .e Obtained. Farther, w.en a len.tH of t.e ^=oIu™ 
is lengthened, an increased yield of DNA may be obtained. 

r2r^plification and cloning of DNA fragments and 

r-,r^r>duction of DNA array 

iach fraction obtained in Example 1(1), 1/10 volume 

. ^ =nd an 2 5-fold amount of ethanol 

of 3 mol/L sodium acetate and an 2.5 loi 

are added. The mixture is allowed to stand at -20 C for an 
hour, and centrifuged to collect DNAs as a P-^P^^^^/' 
precipitated DKAs are ligated in a conventional n^ethod to 
generate ONAs having a high molecular weight. The DNAs are 
Ilplified using a co^ercially available -P^^ tf^,;^ 
systen. .GenomiPhi ONA Amplification Kit, Cat^ 
J^ersham, . The amplified DNAs are redrgested with ^al ana 
each DNA fragment contained therein is cloned and 
Oligonucleotides to be arranged on a DNA array are designed 
I'chemically synthesized on the basis f ^^^f 

nucleotide sequences, taking Tm into -""'^"f ^/^^^^J^^^ 
synthesized oligonucleotides are arranged on a -J^strate 
a conventional method to produce the DNA array of the 
present invention. 

^^^^L^^^solation^^^NA^r^^ 
(1) Preparation of DNA fragment mixture 

" OenLic DNA was purified from a human B-e" ae.-ed 
tumor cell line (Burkitt lymphoma Raji cell; .CRB9012, .CRB 
cell bank) in a conventional method, and dissolved in 30 
Tf o l /L Tris-HCl ,PH B.0)/100 r^ol/L ""^ ^^^^^ 

.DTA/0.5, SDS. TO the DHA solution, a ^j;^ 
in 50% glycerin solution (20 mg/mL, was added so that a 
final concentration of proteinase K became 0.4 mg/mL. The 
fixture was incubated at SS'C for 2 hours, and an 
renol/chloroform extraction and an ethanol precipitation 
were c rried out in accordance with conventional methods to 

■ nK,A, After 30 ug of the DNAs was dissolved in a 
obtain DNAS. After 30 M 

buffer [30 mmol/L sodium acetate (pH 5.U1, 

TZul zinc acetate, and 10* glycerol,, Mung Bean nuclease 
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(Takara Bio) was added at a concentration of 1 U pg DNA to 
the solution, and the mixture was incubated at 37 C for 30 
„inutes. By this treatment, single-stranded regions of 
genomic DNA are removed, and all ends are completely 
converted into blunt ends. 

'°"tL reaction mixture was diluted with 300 of a TE 
buffer [a 10 mmol/L Tris-HCl buffer (pH 8.0) and 0.5 mmol/L 
EDTA) . and filtered using a filter for adsorbing prote.ns 
'.icrlpureBZ; MILLIPORE) for a short time to remove the Mung 
Bean nuclease. The obtained filtrate was concentrated to 
approximately 10 pL using an ultrafilter (MicroconYM-5,- 
MILLIPORE), and digested with a restriction enzyme BsaJI 

(New England Biolab; 2 Unit/1 pg ONA, at eO'C for 1.5 hours 
to obtain DNA fragments. 

[0143] 

(2) Isolation of DNA fragments 

The obtained DNA fragment mixture may be subjected to an 
affinity column carrying an anti-5-methylcytosine antibody . 
to obtain a DNA fraction of interest. 

^^Il^L^^^solat^^ 

method .. . /ivin'^ 
^ a 1.5-mL tube, 500 pL of a suspensxon contaxning 4x10 

magnetic beads (Dynabeads; Dynal blotech) was 

washed with PBS [a 10 ™ol/L phosphate buffer <P«^-^' 

0 15 mol/L MaCll, several times. To the tube, 500 pL of PBS 
c;ntaining 4 ug of the same anti-5-methylcytosine 
monoclonal antibody (clone 1-5GB4A5) as that used rn Example 

1 and 0 1% bovine serum albumin (BSA) was added, and the 
eaction was carried out using a rotator at room temperature 

for 30 minutes. The magnetic beads were collected usxng a 
magnet, to remove a supernatant. 

, . pvamnle 2 was digested with 
The genomic DNA prepared m Example 

a restriction enzyme Alul, and 2 M of the obtained DNA 

fragments was dissolved in PBS to adjust to 500 pL. The 

solution was added to the collected magnetic beads, and the 

mixture was allowed to stand at room temperature for 1 hour. 
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^t^er a supernatant was removed, 500 of PBS was added to 
L „a,netic beads, and the magnetic beads were washed for 
ten minutes while reversing gently by a rotator, 
washl g treatment was repeated three times. To the magnetic 
beads, 500 of an elution buffer la 10 ^ol/L phosphate 
buffer (PH 6.5) and 0.15 mol/L NaCU was added, and 

suspended gently. The magnetic beads were collected us.ng a 
Tagnet, and a supernatant was collected as an adsorptxon 

f/action. For comparison, the genomic DNA P;-xously 

treated with Mung Bean nuclease was digested "^th the 

7>i„T rcaoable of generating a blunt end), 

restriction enzyme Alul (capaoj-e or y 

and the obtained DNA fragments were brought into contact 
with the magnetic beads. However, no DNA fragments captured 
by the magnetic beads were observed. 

^^ilL^^^soi-tion^^ONA^E^^ 

m agnetic beads ^Ki-=,-inpd 
-^-^^^^r^iiTTIagment mixture (i.e., DNA fragments obtained 
by the treatment with Mung Bean nuclease followed by the 
. th» restriction enzyme BsaJl) obtained in 

treatment with the restrictioi j , . „„ „^„r-edure 

Example 1(2) was used to carry out the isolation P-^^ure 
using the magnetic beads described in Example ^'^"^^ 
Obtained adsorption fraction, and the starting '^^^^-^ 
fixture before adsorption were used as templates to carry 
out a PCR. AS primer sets for the PCR, a primer set A of 
oligonucleotides having the nucleotide sequences of SEQ ID 
«0 1 (a sense primer) and SEQ ID NO: 2 (a reverse P"™«>- 
and a rimer set B of oligonucleotides "^^^^^^f 
sequences of SEQ ID NO: 3 (a sense primer) and SEQ ID NO. 

aTeverse primer) were used. The amplified products were 
analyzed by an 8% acrylamide gel electrophoresis. 

'°"^L primer sets A and B can be used to amplify a 70-bp 
ONA fragment (-238th to -169th bases, and a 50-bp DNA 
fragment (+llth to +60th bases) in a promoter region of a 

E-cadherin gene, respectively. In this 
the starting base of exon 1 is represented as ^1 ■ The 
bp DNA fragment amplified by the primer set A does not 
contain a CpG sequence at both ends, and thus, does not 
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contain methylated cytosine at both ends. In contrast, the 
50-bp DNA fragment amplified by the primer set B contains 
CpG sequences at both ends, and thus, contains methylated 
cytosine at both ends. With respect to the methylation of 
the CpG sequences, it was reported that the prompter region 
of the human E-cadherin gene in the cell line used in this 
Example was highly methylated. Further, the present 
inventor confirmed the methylation of the CpG sequences by 
another method. 
[0148] 

The result of electrophoresis is shown in Figure 7. In 
Figure 7, lanes 1 and 2 show the results when the starting 
DNA fragment mixture before adsorption was used as a 
template, and lanes 3 and 4 show the results when the 
adsorption fraction was used as a template. Further, lanes 
1 and 3 show the results when the primer set A was used (a 
number of the CpG sequences at both ends: 0), and lanes 2 
and 4 show the results when the primer set B was used (a 
number of the CpG sequences at both ends: 2). 
[0149] 

As shown in Figure 7, the starting DNA fragment mixture 
before adsorption contained a DNA fragment (70 bp) not 
containing methylated cytosine at both ends and a DNA 
fragment (50 bp) containing methylated cytosine at both 
ends. In contrast, the adsorption fraction contained the 
DNA fragment (50 bp) containing methylated cytosine at both 
ends, but did not contain the DNA fragment (70 bp) not 
containing methylated cytosine at both ends. It was 
confirmed that the DNA fragment (50 bp) containing 
methylated cytosine at both ends could be separated from the 
DNA fragment (70 bp) not containing methylated cytosine at 
both ends by the method of the present invention. 

INDUSTRIAL APPLICABILITY 
[0150] 

The DNA array of the present invention and the method of 
the present invention for analyzing DNA methylation may be 
used in analyzing DNA methylation. 

Although the present invention has been described with 
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reference to specific embodiments, various changes and 
modifications obvious to those skilled in the art are 
possible without departing from the scope of the appended 
claims , 



